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APPEAL BRIEF 

Mail Stop Appeal Brief Patents 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

This Appeal Brief is submitted pursuant to the Notice of Appeal received in the U.S. 
Patent and Trademark Office on November 30, 2006, and in support of the appeal from the 
rejections set forth in the Office Action mailed on June 27, 2006 and in the Notice of Panel 
Decision from the Pre- Appeal Brief Review mailed January 25, 2007. The Examiner has twice 
rejected Claims 1, 2, 34, 36-43, 45-51, 53-58, 60-61 and 63-65. The authorization for charging 
the fee to Deposit Account No. 08-0380 for filing a brief in support of an appeal is enclosed. A 
Petition for Extension of Time and the authorization for charging the appropriate fee to Deposit 
Account No. 08-0380 are being filed concurrently. 
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I. REAL PARTY IN INTEREST 

The real party in interest is DePuy Spine, Inc., a corporation existing under the laws of 
the State of Ohio, and having a usual place of business at 325 Paramount Drive, Raynham, MA 
02767. DePuy Spine, Inc., is the Assignee of the entire right, title and interest in the subject 
application, by virtue of an Assignment recorded on at Reel 014950, Frames 0123-0150 and at 
Reel 015160, Frames 0123-0127. 

II. RELATED APPEALS AND INTERFERENCES 

Appellants, the undersigned Attorney and the Assignee are not aware of any related 
appeals or interferences which will directly affect or be directly affected by or have a bearing on 
the Board's decision in the pending appeal. 

III. STATUS OF CLAIMS 

A listing of appealed claims appears in the Claims Appendix of this Brief Claims 1, 2, 
34, 36-43, 45-51, 53-58, 60-65 and 89-92 are pending. Claims 14, 44 and 59 were canceled. 
Claims 3-13, 15-33, 35, 52 and 66-88 were withdrawn. 

Claims 1, 2, 34, 36-43, 45-51, 53-58, 60-61 and 63-65 have been twice rejected. Claims 
84-92 are pending but have not been twice rejected. Claim 62 was incorrectly treated as 
withdrawn in the first Office Action and was rejected in the second Office Action. Therefore, it 
is pending but has not been twice rejected. Thus, the claims under appeal are as follows: Claims 
1, 2, 34, 36-43, 45-51, 53-58 and 60-61 and 63-65. 

IV. STATUS OF AMENDMENTS 

In an Amendment filed on April 4, 2006, Claims 1, 34, 38, 48, 51, 55, 63 and 65 were 
amended and Claims 84-92 were added. No amendments have been filed subsequent to the 
Office Action mailed June 27, 2006. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

Appellants' invention is directed to a method of treating an inflamed orthopedic joint 
comprising trans-capsularly administering into the joint space an inhibitor of TNF-a synthesis. 
As taught in Appellants' specification, direct administration of the inhibitor of TNF-a synthesis 
trans-capsularly is advantageous over systemic treatment. Such advantages include, for example, 
arresting the inflammation process commencing within the joint and the degeneration of the 
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hyaline cartilage, preventing intracapsular nerve irritation and pain, increasing the half life of the 
inhibitor of TNF-a synthesis in the capsule, reducing unwanted side effects and permitting 
combination with other therapeutic agents without reducing their effectiveness (see the 
specification, for example at page 7, line 19 to page 9, line 25). 

There is one independent claim, Claim 1. Appellants' invention is a method of treating 
an inflamed orthopedic joint, said joint comprising i) opposing hyaline cartilage articular 
surfaces, ii) a peripheral collagenous capsule defining a central joint space and iii) synovial fluid 
contained within the joint space, comprising trans-capsularly administering into the joint space a 
formulation comprising an effective amount of an inhibitor of TNF-a synthesis such that the 
inflamed orthopedic joint is treated (Claim 1). In one particular aspect, the orthopedic joint is a 
knee joint (Claim 2). (see the specification, for example at page 11, line 23 to page 12, line 14). 

In one particular aspect (Claim 51), the inhibitor of TNF-a synthesis therapeutically 
inhibits the production of a cytokine (see the specification, for example at page 14, lines 17-18). 
In another particular aspect (Claim 34), the administered formulation further comprises at least 
one growth factor (see the specification, for example at page 32, line 1 1 to page 33, line 2). In 
another particular aspect (Claim 49), the administered formulation further comprises a growth 
factor present in an amount effective to repair joint tissue. In another particular aspect (Claim 
50), the growth factor is provided by platelet concentrate (see the specification, for example, at 
page 32,line 1 to page 33, line 10). In another particular aspect (Claim 54), the administered 
formulation includes a viscosupplement (see the specification, for example at page 23, line 22 to 
page 24, line 5). 

In another particular aspect (Claim 37), the formulation is administered in an amount of 
less than 1 cc (see the specification, for example at page 22, line 28 to page 23, line 5), 
In another particular aspect (Claim 38), the inhibitor of TNF-a synthesis is present in the 
formulation in an amount of at least 100 mg/ml (see the specification, for example at page 23, 
lines 15-16). In another particular aspect (Claim 48), the inhibitor of TNF-a synthesis is present 
in the formulation in a maximum amount of 0.5 mg (see the specification, for example at page 
22, line 10 to page 23, line 21). 

In another particular aspect (Claim 39), the administered formulation further comprises a 
sustained release device. In another particular aspect (Claim 40), the sustained delivery device 
comprises a hydrogel. In another particular aspect (Claim 41), the sustained delivery device 
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provides controlled release. In another particular aspect (Claim 42), the sustained delivery 
device provides continuous release. In another particular aspect (Claim 43), the sustained 
delivery device provides intermittent release. In another particular aspect (Claim 45), the 

sustained delivery device comprises microspheres having a plurality of degradation rates. In 
another particular aspect (Claim 46), the sustained delivery device comprises an inflammatory- 
responsive delivery system (see the specification, for example at page 24, line 21 to page 25, line 
17). 

In another particular aspect (Claim 63), the inhibitor of TNF-a synthesis is predominantly 
released from the formulation by diffusion through a sustained delivery device. In another 
particular aspect (Claim 64), the sustained delivery device is a polymer. In another particular 
aspect (Claim 65), the inhibitor of TNF-a synthesis is predominantly released from the 
formulation by biodegradation of a sustained delivery device (see the specification, for example 
at page 24, line 21 to page 25, line 17). 

In another particular aspect (Claim 47), the formulation is provided closely adjacent to 
the outer wall of the capsule (see the specification, for example at page 13, lines 1-2). In another 
particular aspect (Claim 60), the formulation is provided in a patch attached to an outer wall of 
the capsule (see the specification, for example at page 12, lines 17-29). In another particular 
aspect (Claim 61), the administration comprises providing the formulation in a depot at a 
location closely adjacent an outer wall of the capsule (see the specification, for example at page 
13, lines 1-2), In another particular aspect (Claim 36), the administered formulation fijrther 
comprises a liposomal delivery system (see the specification, for example at page 25, line 21 to 
page 26, line 12). 

In another particular aspect (Claim 53), the formulation is injected into the synovial fluid 
(see the specification, for example at page 29, lines 13-17). In another particular aspect (Claim 
55), a portion of the synovial fluid is removed prior to administration of the inhibitor of TNF-a 
synthesis (see the specification, for example at page 29, lines 23-25). In another particular aspect 
(Claim 56), the formulation is administered through a needle (see the specification, for example 
at page 29, lines 18-22), In another particular aspect (Claim 57), the formulation is administered 
through a drug pump (see the specification, for example at page 30, line 4). In another particular 
aspect (Claim 58), the formulation is administered in a volume of between 0.03 ml and 0.3 ml. 
(see the specification, for example at page 29, lines 5-11). 



GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 



A. Whether Claims 1 , 2, 34, 37, 47, 49, 5 1 , 54 and 56 are properly rejected 
under 35 U.S.C. § 103(a) as being obvious over Lehman et al., The 
Journal of Pediatrics, 140:125-127 (2002) in view of Dunn (EP 1 153 
606). 

B. Whether Claims 36, 39-43, 45, 58, 60, 61 , 63-65 are properly rejected 
under 35 U.S.C. § 103(a) as being obvious over Lehman et al. The 
Journal of Pediatrics, 7^0:125-127 (2002) in view of Pike et al. (US 
Publication No. 20030134792). 

C. Whether Claim 50 is properly rejected under 35 U.S.C. § 1 03(a) as being 
obvious over Lehman et al, The Journal of Pediatrics, 7^0:125-127 
(2002) in view of Pike et al (US Publication No. 20030134792) and 
MoUoy et al Sports Med, ii:38 1-394 (2003). 

D. Whether Claims 1 , 53 and 57 are properly rejected under 35 U.S.C. § 
103(a) as being obvious over Lehman et al.. The Journal of Pediatrics, 
140:\25-\21 (2002) in view of Smith et al. (U.S. Publication No. 
20020169162). 

E. Whether Claim 55 is properly rejected under 35 U.S.C. § 103(a) as being 
obvious over Lehman et al. The Journal of Pediatrics, J 40:125-127 
(2002) in view of Cardone et al, American Family Physician, 67:2\47- 
2152(2003). 

F. Whether Claim 1 is properly rejected under 35 U.S.C. § 103(a) as being 
obvious over Dunn (EP 1 153 606) in view of Braun and Sieper, Expert 
Opin. Biol Ther. 3(1): 141-168 (2003). 



Whether Claims 38 and 48 are properly rejected under 35 U.S.C. § 1 12, 
second paragraph as being indefinite. 
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H. Whether Claims 38 and 48 are properly rejected under 35 U.S.C. § 1 12, 
first paragraph, as failing to comply with the enablement requirement. 

I. Whether Claim 46 is properly rejected under 35 U.S.C. § 1 12, first 
paragraph, as failing to comply with the enablement requirement. 

J. Whether Claim 49 is properly rejected under 35 U.S.C. § 1 12, first 
paragraph as failing to comply with the enablement requirement. 

K. Whether Claim 49 is properly rejected under 35 U.S.C. § 1 12, first 

paragraph as failing to comply with the written description requirement. 

VII. ARGUMENT 

A. CLAIMS 1, 2, 34, 37, 47, 49. 51. 54 AND 56 ARE NOT PROPERLY 
REJECTED UNDER 35 U.S.C. S103ra) AS BEING OBVIOUS OVER 
LEHMAN ETAL. THE JOURNAL OF PEDIATRICS. 740:125-127 (2002) IN 
VIEW OF DUNN (EP 1 153 606). 

Appellants' independent claim, Claim 1, is directed to a method of treating an inflamed 
orthopedic joint comprising trans-capsularly administering an inhibitor of TNF-a synthesis. 
Claims 2, 34, 37, 47, 49, 51, 54 and 56 depend upon Claim 1, and, therefore, contain the same 
limitation. 

The Examiner states that "[i]t would have been obvious to the person of ordinary skill in 
the art at the time the invention was made to modify the formulation comprising thalidomide 
taught by Lehman et al. using the administration route taught by Dunn", (see page 7 of Office 
Action mailed January 4, 2006 (First Office Action) and page 13 of Office Action mailed June 
27, 2006 (Second Office Action)). 

To establish a prima facie case of obviousness, three basic criteria must be met. First, 
there must be some suggestion or motivation, either in the references themselves or in some 
knowledge generally available in the art, to modify the reference or to combine reference 
teachings. Second, there must be a reasonable expectation of success. Finally, the prior art 
reference (or references when combined) must teach or suggest all the claim limitations. The 
teaching or suggestion to make the claimed combination and the reasonable expectation of 
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success must be found in the prior art and not based in applicant's disclosure. In re Vaeck, 947 
F.2d 488, 20 USPQ2d 1438 (Fed. Cir. 1991). Manual of Patent Examining Procedure § 
706.020). 

Appellants' invention is directed to a method of treating an inflamed orthopedic joint 
comprising trans-capsularly administering into the joint space an inhibitor of TNF-g synthesis . 
As taught in Appellants' specification, direct administration of the inhibitor of TNF-a synthesis 
trans-capsularly is advantageous over systemic treatment. Such advantages include, for example, 
arresting the inflammation process begun within the joint and the degeneration of the hyaline 
cartilage, preventing intracapsular nerve irritation, increasing the half life of the inhibitor of 
TNF-a synthesis in the capsule and reducing unwanted side effects (see the specification, for 
example at page 8, line 10 to page 10, line 5). 

Lehman et al teaches that two children with systemic onset juvenile rheumatoid arthritis 
were svstemicallv treated with etanercept (ENBREL®) and thalidomide. The treatment with 
etanercept was unsuccessful. The treatment with thalidomide demonstrated improvements in 
arthritis manifestations and laboratory parameters. However, Lehman et al teaches that 
thalidomide has been shown to have both stimulatory and inhibitory effects on TNF-a activity, 
and notes that it may increase TNF-a production under some circumstances (see Lehman et al at 
page 126, column 3). Further, Lehman et al cites reference number fourteen (14), Gori et al, 
"Tumor Necrosis Factor-a Increased Production During Thalidomide Treatment in Patients with 
Tuberculosis and Human Immunodeficiency Virus Coinfection", J. Infect. Dis, 752:639-640 
(2000). Gori et al states that reported data suggest that thalidomide is not a systemic TNF-a 
inhibitor. In fact, Gori et al reported a progressive increase in TNF-a production following 
thalidomide treatment, concluding "we confirm that thalidomide did not reduce TNF-a 
levels. ..." (page 639). Further, Gori et al states that, in light of these results, they suggest 
"extreme caution" in undertaking studies that support clinical use of thalidomide. Id The 
Examiner states that the relevance of Gori is unclear because Gori is directed to treating a 
different population of patients. However, Lehman et al 's citation of Gori indicates that 
Lehman et al believes Gori's research is relevant to Lehman et al 's findings. 

The Examiner states that Appellants' specification teaches that thalidomide is among the 
compounds which prevent and/or inhibit TNF synthesis. However, what the specification 
actually discloses is that TNF antagonists include "compounds which prevent and/or inhibit TNF 
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synthesis, TNF release or its action on target cells, such as thalidomide, tenidap, 
phosphodiesterase inhibitors (e.g, pentoxifylline and rolipram), A2b adenosine receptor agonists 
and A2b adenosine receptor enhancers. ..." (page 1 5, lines 21-24). One of skill in the art would 
not conclude that thalidomide is an inhibitor of TNF-a synthesis, as recited in the claims. 

Therefore, Lehman et ai does not teach or suggest administration via trans-capsular 
injection, and does not teach or suggest treating an inflamed orthopedic joint with an inhibitor of 
TNF-a synthesis. In fact, Lehman et ai teaches away from administration of an inhibitor of 
TNF-a synthesis in favor of a substance known to have at least some stimulatory effects on TNF- 
a activity (thalidomide). A prior art reference must be considered in its entirety, including 
portions that would lead away from the claimed invention. W.L Gore & Associates, Inc. v, 
Garlock, Inc., 721 F.2d 1540, 220 USPQ 303 (Fed. Cir. 1983), cert, denied, 469 U.S. 851 
(1984), MPEP § 2142.02 (VI). Because thalidomide can increase TNF-a synthesis, Lehman et 
ai does not inherently teach treatment with an inhibitor of TNF-a synthesis. Moreover, even if it 
did, it does not teach or suggest local or trans-capsular administration. Thus, Lehman et ai does 
not describe or suggest Appellants' invention, and does not provide a reasonable expectation of 
successfully treating an inflamed orthopedic joint by trans-capsularly administering into the joint 
space an inhibitor of TNF-a synthesis. 

Dunn teaches treating an inflamed joint by injecting growth hormone and buffer solution 
into the joint space. (See Dunn, column 3, paragraph 0009 and 001 1). According to Dunn, the 
hormone is injected into the joint space and not directly into the bone, and in this manner it may 
flow over the entire joint surface and react with the vascular units at the bone-cartilage interface, 
and it may be absorbed into the bloodstream resulting in systemic effects, such as stimulation of 
production of bone marrow outside the joint. (See Dunn, column 7, paragraph 0027). The 
purpose of injection of the growth factor into the joint is to stimulate the articular growth plate at 
the joint surface. (See Dunn column 5, paragraph 0021 to column 6, paragraph 0023). 

Dunn further discloses that, as a "preliminary" step, agents such as anti-kinases, growth 
factors and anti-cytokines including ENBREL® can be injected or otherwise applied to the joint 
prior to, or simultaneously with, the step of injecting a growth hormone and buffer solution into 
the joint space. (See Dunn abstract; column 8, paragraph 0030; and column 9, paragraph 0031). 
According to Dunn, the presence of these agents has the effect of "quieting" the joint due to the 
reduction or removal of the irritating activity of certain agents, e.g., TNF, which might impede or 
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impair the responsiveness of the joint to subsequent treatment with growth hormone for 
inflammation. ENBREL® does not inhibit TNF-a synthesis. Thus, Dunn does not describe or 
suggest Appellants' methods of administration of an inhibitor of TNF-a synthesis. 

Even if thalidomide were inherently an inhibitor of TNF-a synthesis, one of skill in the 
art would not be motivated to substitute an inhibitor of TNF-a synthesis for the growth factor in 
Dunn to trans-capsularly administer an inhibitor of TNF-a synthesis on the basis of Lehman et 
aL's teachings of systemic administration of thalidomide. 

Further at the time of Appellants' invention, one of skill in the art would not have been 
motivated to locally administer any inhibitor of TNF-a synthesis. The state of the art was not to 
administer such compounds trans-capsularly. For example, as noted in Appellants' specification, 
at least one published application teaches in its examples that TNF inhibitors are to be 
administered through systemic pathways. Appellants' specification discloses that, in particular, a 
cited published application teaches that "the major contribution of TNF-alpha may be derived 
from recruited, aggregated and maybe even extravasated leukocytes, and that successful 
pharmacologic block may be achieved only by systemic treatment" (Appellants' specification, 
page 4, lines 8-17). 

Thus, one of ordinary skill in the art would not be motivated to combine the teachings of 
Lehman e( al and Dunn with any reasonable expectation of success in treating an inflamed 
orthopedic joint by trans-capsularly administering an inhibitor of TNF-a synthesis, as claimed by 
Appellants. None of the Examiner's cited references alone or in combination teach or suggest 
the claimed invention, and the claimed invention is not obvious. 

B, CLAIMS 36, 39-43, 45, 58, 60. 6L 63-65 ARE NOT PROPERLY INJECTED 
UNDER 35 U.S.C. $ 103(a) AS BEING OBVIOUS OVER LEHMAN ETAL. 
THE JOURNAL OF PEDIATRICS, 740:125-127 (2002) IN VIEW OF PIKE ET 
AL (US PUBLICATION NO. 20030134792V 

Claims 36, 39-43, 45, 58, 60, 61 and 63-65 recite various aspects of administration. They 
depend upon Claim 1, and, therefore, are also directed to a method of treating an inflamed 
orthopedic joint comprising trans-capsularly administering an inhibitor of TNF-a synthesis. The 
Examiner states that these claims are obvious over Lehman et aL in view of Pike et al However, 
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none of the Examiner's cited references alone or in combination teach or suggest treating an 
inflamed orthopedic joint comprising trans-capsularly administering an inhibitor of TNF-a 
synthesis. 

As discussed above, Lehman et al does not teach or suggest administration via trans- 
capsular injection of an inflamed orthopedic joint with an inhibitor of TNF-a synthesis, nor does 
it teach the different aspects of administration disclosed in the rejected claims. Pike et al 
discloses the treatment of articular cartilage disorders by administering IGF-1, a growth factor, to 
preserve existing cartilage tissues or stimulate regeneration of cartilage. Such treatment includes 
administering IGF-1 by, for example, intra-articular injection. Although Pike et al teaches that 
additional agents such as antibodies and anti-inflammatory agents can be included in its 
composition, Pike et al does not teach or suggest administering an inhibitor of TNF-a synthesis, 
or any anti-cytokine agent. Thus, neither Lehman et al. nor Pike et al describe or suggest 
Appellants' invention, and do not provide a reasonable expectation of treating an inflamed 
orthopedic joint by trans-capsularly administering an inhibitor of TNF-a synthesis. 

The teaching or suggestion to make the claimed combination and the reasonable 
expectation of success must be found in the prior art and not based on Appellant's disclosure. 
Thus, for these reasons and the reasons discussed above, one of skill in the art would not be 
motivated to substitute an inhibitor of TNF-a synthesis for the growth factor in Pike et al on the 
basis of Lehman et al 's teachings of systemic administration of thalidomide. One of ordinary 
skill in the art would not be motivated to combine the teachings of Lehman et al and Pike et al 
with any reasonable expectation of success in treating an inflamed orthopedic joint with an 
inhibitor of TNF-a synthesis, as claimed by Appellants. None of the Examiner's cited references 
alone or in combination teach or suggest the claimed invention, and the claimed invention is not 
obvious. 

C. CLAIM 50 IS NOT PROPERLY REJECTED UNDER 35 U.S.C. S 103fa^ 
AS BEING OBVIOUS OVER LEHMAN ETAL. THE JOURNAL OF 
PEDIATRICS. 740:125-127 (2002^ IN VIEW OF PIKE ETAL (US 
PUBLICATION NO. 20030134792). AND MOLLOY RIAL. SPORTS MED,. 
33:381-394 (2003). 
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As noted above, Appellants' invention is directed to a method of treating an inflamed 
orthopedic joint comprising trans-capsularly administering a formulation comprising an inhibitor 
of TNF-a synthesis. Claim 50 is directed to the method wherein the formulation further 
comprises a growth factor provided by platelet concentrate. The Examiner states that this claim 
is obvious over Lehman et al. in view of Pike et al and Molloy et al (first and second Office 
Actions). However, none of the Examiner's cited references alone or in combination teach or 
suggest treating an inflamed orthopedic joint comprising trans-capsularly administering an 
inhibitor of TNF-a synthesis. 

For the reasons discussed above, neither Lehman et al nor Pike et ai, alone or in 
combination teach or suggest treating an inflamed orthopedic joint comprising trans-capsularly 
administering an inhibitor of TNF-a synthesis. Nor does Lehman et al. teach a formulation 
further comprises a growth factor provided by platelet concentrate. Molloy et al teaches that 
growth factors play a role in tendon healing. Molloy et al does not teach or suggest Appellants' 
claimed methods of trans-capsular administration. Molloy et al does not teach or suggest 
administering an inhibitor of TNF-a synthesis or any cytokine inhibitor. Thus, Molloy et al 
does not describe or suggest Appellants' invention. 

One of skill in the art would not be motivated to substitute the thalidomide of Lehman et 
al into the method of Pike et al to arrive at the invention claimed in Claim 50, Nothing in 
Mollowy's teachings about growth factors supplies the necessary motivation to combine the 
references to arrive at the claimed invention. Thus, one of ordinary skill in the art would not be 
motivated to combine the teachings of Lehman et al. Pike et al and Molloy et al with any 
reasonable expectation of success in treating an inflamed orthopedic joint by trans-capsularly 
administering into the joint space an inhibitor of TNF-a synthesis. The claimed invention is not 
obvious. 

D. CLAIMS 1, 53 AND 57 UNDER 35 U.S.C, S 103(a) ARE NOT PROPERLY 
REJECTED UNDER 35 U.S,C. S 103(a) AS BEING OBVIOUS OVER 
LEHMAN ETAL. THE JOURNAL OF PEDIATRICS. 740:125-127 (2002) IN 

VIEW OF SMITH ET AL (U.S. PUBLICATION NO. 20020169162). 

As noted above, Appellants' invention is directed to a method of treating an inflamed 
orthopedic joint comprising trans-capsularly administering a formulation comprising an inhibitor 



i 0/630,227 

-12- 

of TNF-a synthesis. Claim 53 is directed to the method of Claim 1, wherein the formulation is 
injected into the synovial fluid. Claim 57 is directed to the method of Claim 1, wherein the 
formulation is administered through a drug pump. 

The Examiner states that these claims are obvious over Lehman et aL in view of Smith et 
al (first and second Office Actions). However, none of the Examiner's cited references alone or 
in combination teach or suggest treating an inflamed orthopedic joint comprising trans- 
capsularly administering an inhibitor of TNF-a synthesis. As discussed above, Lehman et al 
teaches systemic administration of thalidomide. Lehman et al does not teach or suggest trans- 
capsularly administering an inhibitor of TNF-a synthesis in the synovial fluid-containing portion 
of the joint, or administering an inhibitor of TNF-a synthesis through a drug pump. 

Smith et al teaches a sustained release device which may be surgically implanted 
intraarticularly, /.e., within the synovial joint. (See Smith et al at paragraph 0046). According 
to Smith et al , the sustained release device is capable of releasing drugs or compounds over an 
extended period of time in a controlled fashion, as opposed to repeated injections (See Smith et 
al at paragraphs 0012 and 0047). Smith et al teaches that the compounds that can be 
administered via the sustained release device include glucocorticoids, anti-inflammatories such 
as dexamethasone, fluocinolone, cortisone, prednisolone, flumetholone, and derivatives thereof; 
non-steroidal anti-inflammatory drugs and cyclosporines. (See Smith at paragraph 0043). Smith 
et al does not teach or suggest administering an inhibitor of TNF-a synthesis. Thus, neither 
Lehman et al nor Smith et al describes or suggests Appellants' invention. One of skill in the art 
would not be motivated by Lehman et aVs systemic administration of thalidomide to substitute 
an inhibitor of TNF-a synthesis into Smith et al's methods. 

One of ordinary skill in the art would not be motivated to combine the teachings of 
Lehman et al and Smith et al, with any reasonable expectation of success in treating an inflamed 
orthopedic joint, by trans-capsular administration of an inhibitor of TNF-a synthesis either by 
synovial fluid injection or by drug pump as claimed by Appellants. Thus, none of the references 
cited by the Examiner alone or in combination teach or suggest the claimed invention, and the 
claimed invention is not obvious. 



E. 



CLAIM 55 IS NOT PROPERLY REJECTED UNDER 35 U.S.C. S 103(a) AS 



BEING OBVIOUS OVER LEHMAN ETAL. THE JOURNAL OF PEDIATRICS, 
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740:125-127 (2002^ IN VIEW OF CARDONE ET AL. AMERICAN FAMILY 



PHYSICIAN. 57:2147-2152 (20031 



Claim 55 is directed to a method of treating an inflamed orthopedic joint comprising 
trans-capsularly administering a formulation comprising inhibitor of TNF-a synthesis wherein a 
portion of the synovial fluid is removed prior to administration of the inhibitor of TNF-a 
synthesis. The Examiner states that this claim is obvious over Lehman et aL in view of Cardone 
et al However, none of the references cited by the Examiner alone or in combination teach or 
suggest the claimed invention (first Office Action). 

As discussed above, Lehman et al does not teach or suggest Appellants' invention. 
Cardone et al teaches injection procedures for administering corticosteroids into the hip and 
knee joints as diagnostic and therapeutic tools. In addition, Cardone et al teaches aspiration 
procedures for the knee for the purpose of diagnosing an unexplained effusion and to relieve 
discomfort caused by the effusion. Cardone et al does not teach or suggest removing a portion 
of the synovial fluid prior to trans-capsular administration of an inhibitor of TNF-a synthesis. 
Thus, Cardone et al does not describe or suggest Appellants' invention. 

One of ordinary skill in the art would not be motivated to combine the teachings of 
Lehman et al and Cardone et al with any reasonable expectation of success in treating an 
inflamed orthopedic joint by trans-capsularly administering into the joint space an inhibitor of 
TNF-a synthesis. Thus, none of the references cited by the Examiner alone or in combination 
teach or suggest the claimed invention, and the claimed invention is not obvious. 

F. CLAIM 1 IS NOT PROPERLY REJECTED UNDER 35 U.S.C. $ 103(a) AS 

BEING OBVIOUS OVER DUNN (EP 1 153 606) IN VIEW OF BRAUN AND 
SIEPER,. EXPERT OP IN BIOL THER. 3(1): 141-168 (2003) . 
As noted above, Appellants' invention is directed to a method of treating an inflamed 
orthopedic joint comprising trans-capsularly administering a formulation comprising an inhibitor 
of TNF-a synthesis. 

As discussed in detail above, Dunn does not describe trans-capsular administration of an 
inhibitor of TNF-a synthesis, and does not teach the invention of Claim 1. Braun teaches use of 
infliximab, a chimeric anti-TNF antibody, to treat rheumatoid arthritis by single intravenous (i.e., 
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systemic) infusions. It does not teach or suggest trans-capsular administration into a joint space, 
nor does it teach any potential value of any local administration. One of skill in the art would not 
have been motivated to substitute infliximab in the methods of Braun with a reasonable 
expectation of success. The motivation to combine must come from the references themselves 
and not from the benefit of hindsight based on teachings in the Appellants' specification. Thus, 
the claimed invention is not obvious. 

G. CLAIMS 38 AND 48 ARE NOT PROPERLY REJECTED UNDER 
35 U.S.C. SI 12. SECOND PARAGRAPH AS BEING INDEFINITE. 

Claim 38 is directed to the method of Claim 1, wherein the inhibitor of TNF-a synthesis 
is present in the formulation in an amount of at least 100 mg/ml. Claim 48 is directed to the 
method of Claim 1, wherein the inhibitor of TNF-a synthesis is present in the formulation in a 
maximum amount of 0.5 mg. The Examiner has rejected these claims as indefinite, stating that 
"[i]n the absence of a specific recited structure, the recitation of a specific dosage is 
meaningless." (first Office Action). 

With regard to the defmiteness requirement of 35 U.S.C. § 1 12, second paragraph, the 
Examiner's focus during examination of the claims for compliance with the requirement for 
definiteness is "whether the claim meets the threshold requirements of clarity and precision...." 
See Manual of Patent Examining Procedure (MPEP) §2173.02. 

When the examiner is satisfied that patentable subject matter is disclosed, and it is 
apparent to the examiner that the claims are directed to such patentable subject matter, he 
or she should allow claims which define the patentable subject matter with a 
reasonable degree of particularity and distinctness. Some latitude in the manner of 
expression and the manner of terms should be permitted even though the claim 
language is not as precise as the examiner might desire. 

Id. (emphasis in original) 

Claims 38 and 48 recite administration of particular amounts of "an inhibitor of TNF-a 
synthesis." Since none of the other claims reciting "an inhibitor of TNF-a synthesis" are 
rejected as indefinite, it appears that the rejection is directed to the use of amounts. Defmiteness 
of claim language must be analyzed not in a vacuum, but in light of the claim interpretation that 
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would be given by one possessing the ordinary level of skill in the pertinent art at the time the 
invention was made. Id. One of ordinary skill in the art should understand what is meant by 
amounts of such inhibitors in units such as "mg/ml" and of "mg". Thus, it would be very 
straightforward for one of ordinary skill in the art to understand what is meant by an inhibitor of 
TNF-a synthesis "present in the formulation in an amount of at least 100 mg/ml" and "present in 
the formulation in a maximum amount of 0.5 mg" (see, for example, the specification at page 22, 
line 10 to page 23, line 21). Thus, each claim "apprises one of ordinary skill in the art of its 
scope and, therefore, serves its notice function. ..." and "defines the patentable subject matter 
with reasonable degree of particularity and distinctness." Id, The claims are definite. 

H. CLAIMS 38 AND 48 ARE NOT PROPERLY REJECTED UNDER 

35 U.S.C. S 1 12. FIRST PARAGRAPH, AS FAILING TO COMPLY WITH 
THE ENABLEMENT REOUIREMENT. 

The Examiner has also rejected Claims 38 and 48 as not enabled, stating "[i]n the absence 
of a specific recited structure the skilled artisan is unable to make the recited compound" (first 
Office Action). As indicated above, Claims 38 and 48 recite administration of particular 
amounts of an inhibitor of TNF-a synthesis. The claims do not require the artisan to make the 
compounds; they merely require the artisan to measure them. Otherwise, these claims do not 
differ from Claim 1, which is not rejected for enablement. The level of skill is the art is high. 
Inhibitors of TNF-a synthesis are well-known and available in the art, as are procedures to 
measure them. One of skill in the art could easily determine how to measure an inhibitor of 
ITsfF-a synthesis in a formulation in an amount of at least 100 mg/ml or in a formulation in a 
maximum amount of 0.5 mg without undue experimentation, (see, for example, the specification 
at page 22, line 10 to page 23, line 21), The claims are enabled. 



I. 



CLAIM 46 IS NOT PROPERLY REJECTED UNDER 35 U.S.C. S 1 12, FIRST 
PARAGRAPH, AS FAILING TO COMPLY WITH THE ENABLEMENT 



REOUIREMENT. 
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Claim 46 recites "wherein the sustained release device comprises an inflammatory- 
responsive delivery system." The Examiner rejects this claim, stating that "[t]he specification 
provides no guidance and/or direction or working examples of a sustained release device which 
could deliver a formulation comprising an effective amount of an inhibitor of TNF-a synthesis." 
In addition, the Examiner states that LaVan et al. discloses that there are stability problems with 
in vivo glucose sensors. 

Although La Van et al, discloses that there are stability problems with in vivo glucose 
sensors, LaVan et al. does not disclose any such problems v^th a sustained release device that 
comprises an inflammatory-responsive delivery system. In fact, Pike et al. (US Publication No. 
20030134792), which was cited by the Examiner in § 103(a) rejections, states at paragraph 0053 
that a sustained release device comprising inflammatory-responsive delivery systems is "well 
known in the art," and can be used to administer a therapeutically effective dose of an agent 
directly at the site. The Examiner states that LaVan et al indicates that "smart" delivery devices 
require more safety and efficacy testing before clinical use, and "one could logically conclude 
that these systems were not yet reduced to practice." (second Office Action). However, 
enablement does not require reduction to practice or establishment of a particular degree of 
safety or efficacy. The proper standard is whether one of skill in the art can make or use the 
claimed invention without undue experimentation. The teachings in the specification, combined 
with what was known in the art, establish that this standard is met. Thus, Claim 46 is enabled. 

J. CLAIM 49 IS NOT PROPERLY REJECTED UNDER 35 U.S.C. S 1 12, 
FIRST PARAGRAPH, AS FAILING TO COMPLY WITH THE 
ENABLEMENT REQUIREMENT. 

Claim 49 recites "wherein the formulation further comprises a growth factor present in an 
amount effective to repair joint tissue." The Examiner states that Claim 49 is not enabled 
because the specification fails to teach the skilled artisan how to use the factors recited without 
undue experimentation to determine whether a given protein would be useful in the claimed 
methods and what the dosage would be (second Office Action). The specification discusses the 
factors in detail (e.g., page 32, line 1 1 -page 33, line 2). The level of skill in the relevant art is 
high, and therapeutic administration of growth factors was well-known at the time of the 
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invention (see, for example, Dunn et al and Pike et ah above). A skilled practitioner could 
easily determine whether an inflamed knee joint is being treated, and how to determine 
appropriate dosage of known factors for such treatment, with only routine experimentation, the 
claim is enabled. 

K. CLAIM 49 IS NOT PROPERLY REJECTED UNDER 35 U.S.C. S 1 12. 
FIRST PARAGRAPH, AS FAILING TO COMPLY WITH THE 
WRITTEN DESCRIPTION REOUIREMENT. 

Claim 49 recites "wherein the formulation further comprises a growth factor present in an 
amount effective to repair joint tissue." The Examiner has rejected this claim as failing to meet 
these written description requirement on the grounds that the specification does not "clearly 
allow persons of ordinary skill in the art to recognize [he or she] invented what is now claimed 
[with regard to "growth factors]" (second Office Action). 

As noted above, at the time of the invention, therapeutic administration of growth factors 
may was well known. As noted by the Examiner, the specification lists a myriad of growth 
factors that may be used in the invention (see, e.g., page 32, line 1 1-page 33, line 2). As fiarther 
noted by the Examiner, the skilled artisan would be aware of a number of different compounds 
which would be classified under the heading "grov^h factors". Appellants are not required to put 
into a specification what is well knovm. Clearly, the claimed subject matter is described in the 
specification in a manner which does demonstrate that the Appellants had possession of the 
specific subject matter claimed, and the requirement for written description has been met. 

In view of the foregoing arguments and legal authority, reversal of the rejections is 
requested. 
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CLAIMS APPENDIX 

1 . A method of treating an inflamed orthopedic joint, said joint comprising i) opposing 
hyaline cartilage articular surfaces, ii) a peripheral collagenous capsule defining a central 
joint space and iii) synovial fluid contained within the joint space, comprising trans- 
capsularly administering into the joint space a formulation comprising an effective 
amount of an inhibitor of TNF-a synthesis such that the inflamed orthopedic joint is 
treated. 

2. The method of claim 1 , wherein the joint is a knee joint. 

34. The method of claim 1 , wherein the formulation further comprises at least one growth 
factor. 

36. The method of claim 1, wherein the formulation further comprises a liposomal delivery 
system. 

37. The method of claim 1 , wherein the formulation is administered in an amount of less than 
1 cc. 

38. The method of claim 1, wherein the inhibitor of TNF-a synthesis is present in the 
formulation in an amount of at least 100 mg/ml. 

39. The method of claim 1 , wherein the formulation further comprises a sustained release 
device. 

40. The method of claim 39, wherein the sustained release device comprises a hydrogel. 

41 . The method of claim 39, wherein the sustained release device provides controlled release. 
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The method of claim 39, wherein the sustained release device provides continuous 
release. 

The method of claim 39, wherein the sustained release device provides intermittent 
release. 

The method of claim 39, wherein the sustained release device comprises microspheres 
having a plurality of degradation rates. 

The method of claim 39, wherein the sustained release device comprises an 
inflammatory-responsive delivery system. 

The method of claim 1, wherein the formulation is provided closely adjacent to the outer 
wall of the capsule. 

The method of claim 1, wherein the inhibitor of TNF-a synthesis is present in the 
formulation in a maximum amount of 0.5 mg. 

The method of claim 1, wherein the formulation further comprises a growth factor 
present in an amount effective to repair joint tissue. 

The method of claim 49, wherein the growth factor is provided by platelet concentrate. 

The method of claim 1, wherein the inhibitor of TNF-a synthesis therapeutically inhibits 
the production of a cytokine. 

The method of claim 1, wherein the formulation is injected into the synovial fluid. 
The method of claim 1 , wherein the formulation includes a viscosupplement. 
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The method of claim 1, wherein a portion of the synovial fluid is removed prior to 
administration of the inhibitor of TNF-a synthesis. 

The method of claim 1, wherein the administration is performed through a needle. 

The method of claim 1 , wherein the formulation is administered through a drug pump. 

The method of claim 1, wherein the formulation is administered in a volume of between 
0.03 ml and 0.3 ml. 

The method of claim 1, wherein the administration comprises providing the formulation 
in a patch attached to an outer wall of the capsule. 

The method of claim 1 , wherein the administration comprises providing the formulation 
in a depot at a location closely adjacent an outer wall of the capsule. 

The method of claim 1, wherein the inhibitor of TNF-a synthesis is predominantly 
released from the formulation by diffusion of the high specificity antagonist through a 
sustained delivery device. 

The method of claim 63, wherein the sustained delivery device is a polymer. 

The method of claim 1, wherein the inhibitor of TNF-a synthesis is predominantly 
released from the formulation by biodegradation of a sustained delivery device. 
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Thalid omide therapy for recalcitrant systemic 
onset juvenile rheumatoid arthritis 

rhomad J. A. Lchinaih MD, Kim H, StrUqel, FNP, and Karen B. Onel MD 



Systemic onset juvenile rheumatoid arthritis unresponsive to nonsteroidal 
anti-indammatoiy drugs may be controlled with corticosteroids, but these 
drugs have significant side effects. We report 2 steroid-dependent children 
with systemic onset juvenile rheumatoid arthritis who did not respond to 
multiple nonsteroidal anti-inflammatory drugs, methotrexate, azathioprine, 
cyclosporins and etanercept. Both children had significant improvement 
with thalidomide therapy. (J Pediatr 2002; HO: 125-7) 



Systemic onset juvenile rheumatoid 
arthritis (SoJRA) is often a severe debili- 
tating condition accompanied by fever, 
rash, leukocytosis, anemia, and elevated 
eiythroc)'te sedimentation rate. ' Although 
some children respond well to nons- 
teroidal anti-inflammatory drugs and 
others may be controlled with second- 
line agents, approximately one third of 
children are dependent on cortico- 
steroids for control of the systemic mani- 
festations of the disease. Severe cases of 
SoJRA may be life threatening.* Some 
children with SoJRA have severe 
macrophage activation syndrome, where- 
us others have a llfcrimc of chronic dcbiJ- 
itation because of the combined effects 
of the disease and chronic corticosteroid 
dependence. The side effects of cortico- 
steroids In growing children often result 
in permanent physical and psychologic 
disabilities.'^ 



To reduce their dependence on corti- 
costeroids, children with severe SoJRA 
are often treated with intravenous 
y globulin, methotrexate, cyclosporin^ 
azathioprine, etanercept, and/or cy- 
clophosphamide or autologous stem cell 
transplantation in varj'lng combina- 
tions and without consistent results.''"^ 
There is a great need for an effective 
agent with less risk of morbidity and 
mortality for children with severe 
SoJRA. 

ESR Erythrocyto ledimentttion raw 
Hgb Hemoglobin 
IFN Interferon 
TNF TUmor necrosti factor 
SoJRA . Systemic onset juvenile rheumatoid . 
arthrlds 

Thalidomide is a unique therapy for 
inflammation that appears to reverse 
the specific pattern of cytokine abnor- 



malities that has been noted in chil- 
dren with SoJRA.^ We report 2 chiU 
dren with severe SoJRA who failed 
treatment with nonsteroidal anti- 
inflammatory drugs, methotrexate, 
cyclosporine, and etanercept. but who 
who had improvement with thalido- 
mide therapy. This allowed us to 
gradually reduce their corticosteroids 
to an acceptable level and withdraw 
the majority of their other immuno- 
suppressive medications. 

Case Histories 

A 7.5-year-old white boy had a 3-year 
history of SoJRA. He had (1) fever 
spikes to 39.5°C, with the temperature 
returning to normal at least once each 
day, (2) arthritis in the wrists, knees, 
and neck, and (3) a fleeting salmon pink 
rash. The initial erythrocyte sedimenta- 
tion rate (ESR) was 120 mm/hour and 
hemoglobin (Hgb) was 9.6 g/dL, with a 
white blood cell count of 30,000 
cells/mm'. He was treated with naprox- 
en, then indomethacin and methotrex- 
ate (10 mg/M^ per week) but required 
9 mg prednisone daily (0.3 mg/kg) to 
allow activities of daily living. The dis- 
ease continued to progress; the pred- 
nisone was increased to 30 mg daily 
(1 mg/kg) and etanercept was added. In 
the absence of clinical response, the 
etanercept was increased to 25 mg by 
subcutaneous injection twice weekly 
(0.85 mg/kg). After I year the etaner- 
cept was discontinued, the methotrex- 
ate was increased to 15 mg weekly, and 
the prednisone was increased to 40 
mg/day. The active disease continued 
with fever, rash, and polyarthritis. Hgb 
was 9.3 g/dL, ESR was 123 mm/h. and 
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white blood cell count was 22,300 
cells/mm^. Cyclosporine (100 mg twice 
a day, 5 mg/kg) and 75 mg azathioprine 
(1.75 mg/kg/day) were added during 
the next 6 months with no clinical re- 
sponse. In June 2000. the Hgb was 9,6 
g/dL, ESR was 60 mm/hour, and white 
blood cell count was H.OOO cells/mm^. 
Fever, rash, and polyarthritis involving 
both wrists, both shoulders, both knees, 
and the right hip continued. After we 
obtained informed consent, we started 
treatment with thalidomide at 2.5 
mg/kg/dny (100 mg daily). By October 
2000, the Hgb was 11. 5 g/dU ESR was 
10 mm/h, and white blood cell count 
was 12,000 cells/mm^. The daily fever 
spikes resolved, the rash disappeared, 
and the arthritis resolved with the ex- 
ception of persistent limitation in the 
range of motion of the right wrist and 
right hip. During the ensuing months, 
the prednisone was reduced to 7.5 mg 
per day, the azathioprine was with- 
drawn, and we planned to withdraw the 
cyclosporine. He continues to receive 
15 mg per week of methotrexate, with 
Hgb of 1 1 .3 g/dL. ESR of 10 mm/hour, 
and a white blood cell count of 9600 
cells/mm^. 

A 15-year-old white boy with severe 
SoJRA at 1 1 years was examined. He 
had fever spikes that returned to normal 
each day, salmon pink rash, and arthri- 
tis. He had been treated with tolmetin 
sod lum 30 nng/kg/day and prednisone 
0.5 mg/kg/day. While he was taking 
prednisone, insulin-dependent diabetes 
mellitus developed. When first seen, he 
was talcing prednisone 20 mg/day (0.67 
mg/kg/day). hydroxychloroquine 200 
mg/day, tolmetin sodium 40 mg/kg/day, 
and insulin. The Hgb was 1 1.5 g/dL, 
ESR was 51 mm/h, and white blood cell 
count wi\s 18,600 cells/mm^. Tolmetin 
sodium was discontinued. In- 
domethacin (3 mg/kg/day) and sul- 
fasalazine (60 mg/kg/day) were added. 
The prednisone was reduced to 5 mg 
dail^', and insulin injections were dis- 
continued. After 6 months, the arthritis 
progressed with bilateral wrist and knee 
swelling and rash. Methotrexate was 



recommended but refused by the fami- 
ly. Etanercept was added without 
improvement. After 1 2 weeks, the etan- 
ercept was withdrawn and 3 mg/kg/day 
cyclosporine was added. In June 2000. 
the Hgb was 10.5 g/dL, ESR was 55 
mm/h, and white blood cell count was 
7600 cells/mm'. In July, he had recur- 
rent fever, rash, and widespread arthri- 
tis, which did not respond to an increase 
of the cyclosporine to 10 mg/kg/day. 
Prednisone was increased to 7.5 mg/day. 
and insulin injections were resumed. 
The patient then had avascular necrosis 
of the left hip. Despite the continuing 
active disease, the family refused to in- 
crease his prednisone dose because of 
difficulty controlling the diabetes. 
In September, he had persistent gross 
hematuria. Indomethacin and cy- 
closporine were withdrawn. After we 
obtained informed consent, thalidomide 
was added at 150 mg/day (3 mg/kg). 
After A months, the prednisone was 
reduced to 2.5 mg/day, and he contin- 
ues to take sulfasalazine and hydroxy- 
chloroquine. He has no active arthritis, 
fever, or rash. The Hgb was 1 1.5 g/dL, 
ESR was 2 mm/h, and white blood cell 
count was 5500 cells/mm^. 

Both of these children had severe 
SoJRA that w.as resistant to multiple 
drugs and did not respond to a mini- 
mum of 8 weeks of etanercept. Both had 
dramatic improvements in arthritic 
manifestations and laboratory parame- 
ters equivalent to a greater than Ameri- 
can College of Rheumatology 70 
response within 3 months of initiating 
therapy with thalidomide. Both have 
been able to substantially reduce the 
prednisone dosage and withdraw all or 
most immunosuppressive medications. 

Discussion 

Both of the children had failed multi- 
ple drug regimens before beginning 
treatment with thalidomide. Both had 
long-term corticosteroid therapy with 
long-term side effects and were consid- 
ered potential candidates for autologous 



stem cell transplantation. However, 
both had significant improvement after 
beginning thalidomide therapy. Fur- 
thermore, both children have been able 
to reduce the corticosteroid dosage and 
withdraw other immunosuppressive 
medications. It is unlikely that thalido- 
mide was effective only because of its 
effects on tumor necrosis factor (TNF)- 
a because therapy with etanercept was 
previously unsuccessful for both. 

The etiopathogenests of SoJRA is 
poorly understood. It shares only super- 
ficial similarities with the other diseases 
categorized as juvenile rheumatoid 
arthritis (juvenile idiopathic arthritis in 
the proposed new nomenclature) and 
has little if any relation to adult onset 
rheumatoid arthritis.' Previous studies 
have demonstrated a distinct cytokine 
profile in children with SoJRA.^ Chil- 
dren with SoJRA manifest significant 
overproduction of TNF-a with de- 
creased interferon (IFN)-Y production.^ 
Some of the increasisd TNF-a produc- 
tion may be related to the association 
between specific TNF-a alleles related 
to high production and systemic onset 
juvenile rheumatoid arthritis. During 
febrile episodes, high levels of the pro- 
inflammatory cytokine interleukin-6 are 
found in children with active SoJRA." 
Increased levels of interleukin-8 and 
monocyte chemotactic protein- 1*^ and 
adhesion molecules E-selectin and in- 
tracellular adhesion molecule- 1 are also 
found in children with active SoJRA. 

Thalidomide appears to have multi- 
ple effects on the immune system and 
cytokine production that are not yet 
fully elucidated. It has been shown to 
have both stimulatory and inhibitoiy 
effects on TNF-a activity. It may in- 
crease TNF-a production under some 
circumstances, but it enhances the 
degradation of TNF-a mRNA, thereby 
reducing the half-life of TNF-a. In 
chronically ill patients with human im- 
munodeficiency virus and tuberculosis, 
thalidomide was shown to increase 
IFN-y and interleukin-1 0 while de- 
creasing TNF-a, interleukin-6, and 
interleukin-1 p levels.^* Thus, in this 
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clinical situation, it reverses the pattern 
of cytokine abnormalities seen in chil- 
dren with active SoJRA. In contrast to 
thalidonrkide, dexamethasone decreases 
IFN-yand interleukin- 10 production in 
a dose-dependent manner, thereby sup- 
pressing potentially beneficial as well 
as harmM cytokine efFectsJ^ 

Thalidomide has been demonstrated 
to be efTective in the treatment of a 
wide variety of diseases, including 
Crohn's disease and Behcet's syn- 
drome.'^*'® It is interesting to note that 
thalidomide has not proven particular- 
ly helpful in the treatment of adult 
onset rheumatoid Factor positive 
arthritis,'^ but this is a different condi- 
tion. There is one case report describ- 
ing the successful use of thalidomide 
for adult onset Still's disease. 

Although many physicians are famil- 
iar with the toxic effects of thalidomide 
use during pregnancy, the drug has not 
been shown to have any lingering ef- 
fects on gestation occurring after it has 
been discontinued. A rigorous program 
of patient monitoring has been put into 
place by the manufacturer to ensure 
that every prescribing physician and 
patient are well aware of the possible 
side elTects of the drug. 

Large-scale controlled trials will be 
necessary to demonstrate the safety and 
efficacy of thalidomide in children with 
SoJRA. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 J The present invention relates to a process of 
treating Inflammation in a joint, such as but not limited 
to a knee joint, a hip joint or an ankle joint, which has 
been damaged or which has otherwise become defec- 
tive, and thereby, alleviating pain, heat, redness, swell- 
ing, stiffness, and other difficulties typically associated 
with a damaged or defective articular cartilage surface 
in a joint. More In particular, the present invention is di- 
rected to a process of preparing a joint prior to treatment 
for inflammation, as described herein, by Injecting or 
otherwise applying a group of agents such as anti-cy- 
tokines, anti-klnases, anti growth factors - used individ- 
ually or in various combinations thereof, to quiet and re- 
duce deleterious activity in the joint prior to the step of 
injecting a mixture of purified growth hormone (com- 
monly known as somatotropin) and a buffer solution into 
the joint of a body, preferably but not limited to that of a 
human, so as to initiate the treatment process. 
[0002] The ends of bones which form a joint, including 
vertebra, are covered by articular cartilage, which is a 
thin, fragile tissue layer and which allows the bone ends 
to move freely and without pain. Many arthritic diseases 
and many degrees of trauma can, however, cause de- 
struction or deterioration of this fragile layer. From an- 
cient times and continuing in the present day. people 
have suffered through varying degrees of heat, redness, 
pain, swelling and/or stiffness of the joints, any one or 
all of which can often be associated with deterioration 
of the articular cartilage in the joints, whether those 
joints are associated with walking, such as the hip, knee 
or ankle joints or others, such as the vertebra of the 
spine, the shoulder, elbow or wrist joints and fingers. Re- 
gardless, damage to and/or the deterioration of articular 
cartilage in a joint is often, if not always accompanied 
by inflammation. Inflammation, which is typically 
thought of as heat, redness, pain, swelling and/or stiff- 
ness, when experienced in a joint, can be crippling. 
[0003] As a result, many have tried to develop ways 
to alleviate the pain and inflammation associated with 
arthritis and other damage to the joints. A number of 
these efforts have focused on oral medications such as 
cortisone derivatives (steroids) and numerous non-ster- 
oidal anti-inflammatory drugs (NSAIDs), all of which 
have potentially serious side effects. Other efforts have 
focused on implants of entire joints, such as the knee or 
hip, although typically, a lengthy and complicated surgi- 
cal procedure is required, with the patient being forced 
to undergo a significant recovery period, including a rig- 
orous and costly regimen of physical therapy thereafter. 
Most often, full motion and full activity are not achieved 
with the use of these implants. While medical science 
has recently developed a variety of new materials for 
the joint implants, these implants are often more costly, 
offer results which may be only marginally better than 



those obtained previously, and do nothing to avoid the 
hospitalization required for the surgical implantation of 
them nor the long periods of rehabilitation. In addition, 

it is also possible that one or more revision surgeries will 
5 be needed to replace defective, loose or infected im- 
plants. Further, the general discomfort which might be 
associated with utilizing such Implants makes an alter- 
native method all the more desirable. 
[0004] The biological action of growth hormone, 
10 namely, somatotropin, has been the subject of the in- 
ventor's research. Heretofore, growth hormone has 
been used clinically to enhance the growth of children 
with short stature. Somatotropin may have other effects 
on other organ systems but in the instant application for 
15 a patent, the specific actions of somatotropin related to 
its effects on articular cartilage have been focused on 
by the inventor's research and are utilized herein. The 
major targets of somatotropin activity are believed by 
the inventor hereof to be vascular sinusoids and sub- 
20 chondral vessels located at the cartilage-bone interface 
(sub-chondral bone) and the endothelial cells located 
therein, and in addition, nests of stem (pleuripotential) 
cells in various sites such as marrow; and the vascular 
system. More specifically, it is believed by the inventor 
25 hereof that growth homfione has the ability to stimulate 
proliferation of stem cells in the marrow and subchon- 
dral vessels and sinusoids. The inventor hereof has also 
shown that growth hormone has the ability to form vas- 
cular and multi-lumen sinusoids, known as Glomeru- 
30 loids, from pre-existing and mature single lumen vessels 
in the sub-chondral bone, The inventor describes this 
action of growth hormone as Morphogenic Action, which 
is a type of rejuvenation of mature monolumen vessels 
into fetal-like and/or other immature chondrogenic vas- 
35 cular structures. This Morphogenic Action, a type of re- 
juvenation, can also dematurate a layer of mature sub- 
chondral bone into a cartilaginous state comparable to 
that observed in the neonatal and immature cartilagi- 
nous skeleton. 

40 [0005] The method of this invention relies on a novel 
use of growth hormone, namely, somatotropin. More in 
particular, the method of the present invention is useful 
as an anti-inflammatory agent and is specifically adapt- 
ed to treat inflammation (heat, redness, pain, swelling, 
^5 stiffness, etc.) and/or pain associated with damaged 
and/or defective articular cartilage on or at a joint in a 
body through the injection directly into the joint of one 
or more dosages of purified growth hormone (soma- 
totropin). There is no reliance on the transplantation of 
50 tissue and thus all of the detrimental conditions of rejec- 
tion, immune reaction, and other causes of transplant 
failure are avoided. Similarly, the present invention does 
not require an individual to undergo a lengthy or com- 
plicated surgical procedure, such as those which ac- 
55 company joint replacements. 

[0006] Until the present invention, growth hormone 
has not, to the inventor's knowledge, ever been used to 
treat merely the inflammation of tissues such as the soft 
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tissue components within and surrounding a joint, i.e., 
synovial lining, capsule, and ligaments and articular car- 
tilage and/or the pain associated therewith. Of course, 
the inventor herein has heretofore focused on growth 
hormone as a means for regenerating articular cartilage 
In a joint, for which U.S. Patent No. 5,368,051 was 
awarded, incorporated herein by reference, but he has 
since improved and refined the applications for which 
growth hormone may be used, as set forth in greater 
detail, below. 

[0007] Accordingly, the method of the present inven- 
tion provides a much needed improvement In the treat- 
ment and elimination of ailments associated with the de- 
terioration or destruction of the articular cartilage sur- 
face of a joint, including pain, inflammation of the soft 
tissue components within and surrounding the joint, in- 
cluding heat, redness, pain, swelling or stiffness. The 
method of the present Invention also is directed towards 
providing for the reappearance or Increase of space be- 
tween bone ends and restoration of normal alignment 
of a limb, such as a leg, and including the restoration of 
nomnal or nearly nomnal motion. Further, the present in- 
vention Is additionally directed towards a preliminary 
step involving treating a joint with a group of agents such 
as anti-cytokines, anti-kinases, anti growth factors - 
used individually or in various combinations thereof, so 
as to increase the chances that subsequent treatment 
of the joint for inflammation will be successful. 

SUMMARY OF THE INVENTION 

[0008] The present invention is directed towards a 
method of treating inflammation and pain in a joint sep- 
arating two or more bones. It is pointed out that for pur- 
poses of this application, inflammation means pain, joint 
stiffness, redness, heal and/or swelling, etc. 
[0009] The present invention is additionally directed 
towards a preliminary step involving treatment of the 
joint with a group of agents such as anti-cytokines, anti- 
kinases, antI growth factors - used individually or in var- 
ious combinations thereof - so as to reduce or remove 
deleterious activity in the joint such that subsequent 
treatment of the joint for Inflammation will likely be suc- 
cessful. More In particular, the preliminary step Involves 
the Injection or other application of a group of agents 
such as antKcytokines, anti-kinases, anti growth fac- 
tors - used individually or in various combinations there- 
of - to a joint about to undergo treatment for inflamma- 
tion, as described herein. 

[001 0] Thus, the Invention moreover relates to one or 
more anti-cytokines, anti-kinases and/or anti growth 
factors, for simultaneous, simultaneous separate or se- 
quential use in the preparation of a joint for anti-inflam- 
mation treatment. 

[0011] The method comprises an initial step of dis- 
solving a quantity of growth hormone in a buffer solution 
and then injecting the resulting mixture as a single load- 
ing dose Into the Joint cavity where It will lessen the in- 



flammation of the synovial lining, joint capsule, liga- 
ments and articular cartilage. It desired or needed, ad- 
ditional injections of growth hormone of a single dosage 
can be injected from one day to several weeks later and 
5 after a first set of single or multiple injections, several 
additional sets of single or multiple injections may be 
given so as to maintain any improvement of the function 
of the joint. 

[0012] In one alternative embodiment, the method of 
10 the present invention may comprise an additional step 
of mixing an amount of Lidocaine. anywhere from about 
0.5 milliliter to 10 miitiliters, and ideally about 1 to 3 mil- 
liliters of Lidocaine with the mixture of growth hormone 
and buffer solution. It is contemplated that other inject- 
15 able anesthetics aside from Lidocaine might also be 
used with the present invention. 
[0013] It is a primary object of the present invention 
to provide a method for reducing the Inflammation of tis- 
sue located In or at the joints of a body as well as pain 
20 arising at or within the joint of a body without requiring 
a surgical procedure. 

[0014] It is also a primary object of the present inven- 
tion to provide a new treatment for pain and inflamma- 
tion in the joint of a body which relies upon a lower dos- 
25 age of growth hormone and an alternative buffer solu- 
tion other than that described previously in the appli- 
cant's U.S. Patent No. 5,368.051 directed to regenerat- 
ing articular cartilage. 

[001 5] A feature thought to arise following treatment 
30 of a joint with the present invention is that contact or 

near contact between the bone-to-bone surfaces is re- 
versed, meaning that a separation, distance or space 
between the bony surfaces is restored, presumably but 
perhaps not exclusively because the treatment causes 

35 some resumption of growth of articular cartilage, such 
as that which has been worn down. 
[0016] An advantage of the present invention over 
that disclosed in the Applicant's previous patent is that 
a range of motion is restored to a joint following treat- 

40 ment. 

[0017] Another advantage of the present inventive 
treatment is the smoothing of irregular joint surfaces and 
sub-chondral bone and also a reversal of malalignment 
of the limb following treatment. The present invention 
45 thereby eliminates or substantially alleviates ailments in 
the joints. 

[001 8] These and other objects, features and advan- 
tages of the present invention will become more clear 
when the drawings as well as the detailed description 
50 are taken into consideration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] For a fuller understanding of the nature of the 
55 present invention, reference should be made to the fol- 
lowing detai-led description taken In connection with the 
accompanying drawings in which: 
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Figure 1 is a cross-sectional view of a Joint surface 
illustrating a deteriorated articular cartilage on the 
lower joint surface. 

Figure 2 is an isolated view illustrating the injection 
of a growth honnone and buffer solution in the joint 5 
cavity. 

[0020] Lilce reference numerals refer to iil<e parts 
throughout the several views of the drawings. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0021] The present invention is directed specifically 
towards a method of treating inflammation and associ- 
ated pain in a joint, such as one having damaged or de- 
fective articular cartilage 10. Articular cartilage 10, 
which is present between bones 15 at a joint 20, pro- 
vides a bearing type surface for facilitated movement 
between the bones 15. If articular cartilage is damaged 
or deteriorated, as represented by reference numeral 30 
in the drawings, this can result in a person's experienc- 
ing significant heat, redness, pain, swelling, stiffness 
and/or malalignment of the limb or joint, and can even 
be crippling to some individuals, such as those suffering 
from a trauma or other ailments which destroy the Joint 
surface. The articular cartilage 10 is a resilient layer of 
tissue which covers the ends of bones 15, and it has 
been traditionally-assumed that once gone, it cannot be 
regrown or regenerated, at least until the work by the 
inventor hereof, some of which has been set forth in U. 
S. Pat. No. 5,368,051. 

[0022] The method of the present invention is a sig- 
nificant improvement over what is known in the art for 
treating the sometimes excruciating pain which individ- 
uals experience in one or more of the Joints of their bod- 
ies. For example, the present invention does not involve 
a surgical procedure, which would require some recov- 
ery therefrom, nor any type of transplantation of tissue. 
The method of the present invention, which is believed 
to offer swift relief to the heat, redness, pain, swelling, 
stiffness or other inflammatory symptoms experienced 
by individuals suffering from damaged articular cartilage 
in a joint, offers an improvement over the method de- 
scribed in the inventor's previous U.S. Pat. No. 
5,368,051 by relying upon the utilization of a lower dos- 
age of growth hormone and of an alternative buffer so- 
lution, and if desired, the addition of injectable anesthet- 
ics. The method of the present invention is thought to 
be effective as a result of the discovery that in addition 
to the metaphyseal growth plate which exists near the 
ends of bones and which makes the bones grow during 
the immature and adolescent periods, there is also an 
articular growth plate at the Joint surface. The metaphy- 
seal growth plate, once achieving full growth within the 
bone, ceases to function in an adult and disappears. The 
articular growth plate, however, remains intact, although 
growth-inactive, at the joint surface in the adult. When 



properly stimulated by injecting purified growth hor- 
mones in the joint, including an anesthetic if desired, as 
in the method(s) of the present invention, there would 
be no need for surgically exposing the joint nor for deb- 
riding it; the pain and inflammation associated with the 
damaged articular cartilage is relieved, and this is 
thought to be because the articular growth plate is stim- 
ulated so as to resume active growth. 
[0023] With reference now to Figure 1 , when an artic- 
ular cartilage defect as at 30 is present in the joint of an 
individual, whether a hip joint, knee Joint, ankle Joint or 
other type of joint, such that it causes him or her suffi- 
cient pain to seek out medical treatment, it is preferable 
that the individual be required to undergo certain tests 
in an effort to determine whether treatment in accord- 
ance with the present invention is advisable. For exam- 
ple, it is preferred that the individual undergo a complete 
physical examination by a licensed physician, including 
any X-rays, MRIs, and/or other laboratory work that may 
be recommended to hopefully rule out the presence of 
serious, acute or chronic illnesses and/or whether the 
individual has a pre-existing excess amount of growth 
hormone. That is because it is preferred that such per- 
sons would not be treated in accordance with the 
present invention. 

[0024] Turning more specifically to the method of the 
present invention, it is directed preferably for use on hu- 
mans; however, it can be similarly effective with other 
animals so long as the necessary growth homnone, pref- 
erably purified growth hormone, is utilized. It is prefen'ed 
that the growth homnone be species specific which 
means that human growth hormone would be used on 
humans; cattle (bovine) growth honnone would be used 
on cattle; and horse growth honnone would be used on 
horses, etc. More in particular, it is preferred that the 
growth hormone (known as somatotropin) utilized be 
identical to naturally produced growth hormones of that 
species. If a biologically engineered honnone alterna- 
tive were to be used, it should have an amino acid se- 
quence identical to the natural hormone. In the most pre- 
ferred embodiments, the growth hormone is biologically 
engineered to exactly duplicate the natural honnone 
and to assure maximum purity, and avoid the possibility 
of transmitting disease. For example, if the growth hor- 
mone is to be prepared from pituitary glands retrieved 
from cadavers, the hormone preparation may transmit 
rare forms of neurological disease even though it may 
be highly purified. 

[0025] More in particular, the method of the present 
invention generally comprises the steps of dissolving a 
quantity of growth hormone, preferably somatotropin 
that has ideally been biologically engineered so as to be 
in a purified state, in a buffer solution and then injecting 
the resulting solution into the joint having damage which 
causes an individual to experience pain or inflammation. 
The quantity of growth homrione to be dissolved in the 
buffer solution is discussed in greater detail below. The 
purified growth honnone is typically in the form of a pow- 
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der and as such, may be readily dissolved in a buffer 
solution. Preferably, the buffer solution has a range of 
pH between 5.5 and 8.3, although more preferably, the 
range of pH is between 6.0 and 8.0. Generally, buffer 
solutions include a saline solution and have a pH range 
of approximately 7.0 to 7.4 which is the range of biolog- 
ical pH. In a preferred embodiment, the buffer solution 
comprises a phosphate buffer which may also include a 
preservative. In an alternative embodiment, the buffer 
solution is Hank's Buffer Solution having a higher pH 
range of about 8.0. Other preparations of purified growth 
homnone may, due to their chemical composition, re- 
quire buffer solutions of other ranges of pH. 
[0026] The growth hormone to be dissolved in the 
buffer solution can be in a range of between 0.5 milli- 
grams and 10.0 milligrams of growth hormone per mil- 
liliter of buffer solution, although a most preferred dos- 
age of about 5.0 to 7.0 milligrams growth homnone, and 
ideally, 5.8 milligrams of growth hormone per milliliter of 
buffer solution would be used. This dosage is thought 
to be operative in accordance with the present inventive 
method for most human individuals. An alternative dos- 
age to be administered can be more closely related to 
the person's and/or animal's weight, and will be in the 
preferred range of 0.025 milligrams to 0.249 milligrams 
per Kilogram of body weight. 

[0027] Once the growth homione and buffer solution 
have been mixed, a single dosage of the mixture is in- 
jected to the joint, as Illustrated in Figure 2. The growth 
honnone is injected, such as by utilizing a syringe 70, 
into the joint space and not directly into the bone 15 or 
tissue. In this manner, it may flow over the entire joint 
surface and react initially with the tissues on the surface 
and then with all the vascular units 40 at the bone-car- 
tilage interface. A portion of the purified growth honnone 
may be absorbed into the bloodstream after about four 
hours. One of the systemic effects associated with this 
absorption into the general circulation wilt be to stimu- 
late production of stem cells in the man^ow, vascular sys- 
tem and other areas outside the joint. The growth hor- 
mone will cause a reaction in the subchondral vascular 
structures so as to promote local production of endothe- 
lial derived stem cells and also to attract pieuripotential 
cells to the sinusoidal layer of the bone, the pieuripoten- 
tial ceils being collected in these vascular structures. 
The reaction will initiate cell layer growth at the sub- 
chondral layer, and it is believed will eventually produce 
enough cartilage to form additional joint surface and 
lead to there being an increased space between the 
bones of the joint being treated in accordance with the 
present invention. Depending on the individual patient's 
condition, repeated, periodical injections of the growth 
hormone may be required. For example, another single 
dosage may be Injected into the joint in about four 
weeks, and repeated in another four weeks. Injections 
could be given and repeated at other time intervals, 
however, such as every two weeks. Alternatively, single 
or multiple injections can be given one day, several 



days, to several weeks or months apart. Such repeated 
injections of somatotropin or growth hormone may be 
necessary In situations where a patient suffers from a 
disease which will continuously impair or destroy the 

5 cartilage surface, or antagonize the action of the growth 
hormone, it Is further contemplated that the injection of 
growth homione according to the present invention 
could Include the addition of chemical substances which 
will block or Impede the antagonistic action of proteases, 

10 present in certain diseases, that might impair or prevent 
the beneficial action of the growth hormone within the 
joint. 

[0028] In an alternative embodiment, the method of 
the present invention may comprise an additional step 

^5 of mixing Lidocaine or another local anesthetic with the 
mixture of growth hormone and buffer solution prior to 
injection Into the joint. In this embodiment, the amount 
of Lidocaine or other anesthetic to be mixed with the 
growth homnone and buffer solution may be anywhere 

20 from 0.5 milliliters to 10 milliliters, although preferably, 
about 1 to 3 milliliters will be used. 
[0029] From the preceding, it is recognized that the 
present invention may also be considered to include a 
beneficial anti-inflammatory composition and/or an an- 

25 algesic composition, both of which may, of course, be 
utilized within the previously defined methods. Specifi- 
cally, the anti-inflammatory and/or analgesic composi- 
tion may comprise a purified growth hormone of be- 
tween 0.025 milligrams to 0.249 milligrams per kilo of a 

30 patient's body weight dissolved in a buffer solution of 
approximately between 1 to 10 milliliters, preferably as 
described with regard to the method of treatment, or a 
purified growth hormone of approximately between 0.5 
milligrams to 10.0 milligrams per milliliter of the buffer 

35 solution, also preferably as previously recited. Further, 
a local anesthetic agent, anti-protease agent and/or an- 
ti-enzyme agent may be included therewith. In the case 
of the local anesthetic, it may preferably include Lido- 
cain in an amount of generally between about 0.5 mil- 

40 lillter to 10 milliliters. 

[0030] In yet another embodiment, the present inven- 
tion additionally comprises a preliminary step involving 
treatment of the joint with an anti-growth factor. More in 
particular, the preliminary step Involves the Injection or 

45 other application of a group of agents such as anti-cy- 
tokines, anti-kinases, anti growth factors - used individ- 
ually or in various combinations thereof - to a joint about 
to undergo -treatment for inflammation, as described 
previously herein. In one embodiment the Injection of 

50 such agents may be made simultaneously, as in all in 
one step, or substantially simultaneously, with the injec- 
tion of growth honnone solution pursuant to the inflam- 
mation treatment. For example, the agent(s) may be ad- 
mixed with growth hormone for the purposes of the 

55 present invention. Preferably, the agent Is Embrel, a 
commercially available antl-TNF antibody. The agent is 
advantageously administered in an amount of about 
3mg to about 25mg, in combination with growth hor- 
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mone, for example by injection into the joint. 
[0031] Alternatively, the joint may be preliminarily 
treated by making one or more intra-articular injections 
of such agents. Suitable agents include Embrel in a 
quantity of about 3 to about 25 mg from 1 to 7 days prior 
to subsequent treatment with growth hormone for in- 
flammation as described herein. The injection may be 
repeated from 1 to about 4 limes, or more. The presence 
of Embrei or other acents such as anti-cytokines, anti- 
kinases, anti growth factors - used individually or in var- 
ious combinations thereof - has the effect of quieting the 
joint. This is believed to be due to the reduction and/or 
removal of the irritating activity of certain agents, e.g. 
tumor necrosis factor, which might otherwise impede 
and/or interfere with the responsiveness of the joint to 
subsequent treatment with growth homione for inflam- 
mation. As such, the preliminary treatment with a group 
of agents such as anti-cytokines, anti-klnases, anti 
growth factors - used individually or in various combina- 
tions thereof - should aid in the overall success rate of 
the treatment with the present invention, particularly in 
patients having rheumatoid joints and/or rheumatoid ar- 
thritis. 

[0032] In yet another embodiment, the present inven- 
tion may additionally comprise the use of a lubricant, op- 
tionally added to the growth hormone solution. In partic- 
ular, a lubricant such as purified hyaluronic acid or a hy- 
aluronate salt may be used. Preferably, about 1mg to 
about 30mg of sodium hyaluronate is administered, 
about 1 to about 7 days prior to treatment of the joint 
with growth hormone for inflammation. Alternatively, or 
in addition, the lubricant may be administered in combi- 
nation with and/or simultaneously with the growth hor- 
mone solution. Furthemnore, a mixture of lubricant with 
growth hormone may be prepared beforehand, and the 
mixture administered. Advantageously, the lubricant 
and/or mixture is injected directly into the joint. The ad- 
ministration may be repeated from one to about four 
times, or more. 

[0033] Since many modifications, variations and 
changes in detail can be made to the described pre- 
ferred embodiment of the invention, it is intended that 
all matters in the foregoing description and shown in the 
accompanying drawings be interpreted as illustrative 
and not in a limiting sense. As examples, the present 
invention is also claimed in terms of a method for in- 
creasing a patient's range of motion in a joint as well as 
reducing the mal-alignment of a patient's arthritic joint, 
the latter of which can be characterized as a bow-legged 
deformity when the joint involved is the knee. In other 
words, it is the inventor's belief that the intra-articular 
injection (s) of growth hormone into jolnt(s) restores nor- 
mal alignment of osteo-arthritic and post traumatic ar- 
thritic knees, such that a bow leg deformity may disap- 
pear and the leg can regain normal alignment, and fur- 
ther, or alternatively, that it can restore nonnal or nearly 
normal motion in both extension and flexion in osteo- 
arthritic and posttraumatic arthritic knees or other joints. 



This increased range of motion can be assisted by ther- 
apeutic exercise(s), which normally, without treatment 
in accordance with the present invention, would be ex- 
tremely painful. In many cases then, therapeutic exer- 

5 cises can only be carried out following treatment with 
the present invention in as much as the present inven- 
tion reduces the pain experienced by the patient so as 
to pennit the exercise(s) to occur at all. As another ex- 
ample, the inventor believes that the method of the 

w present invention can be used to treat and/or increase 
the joint soaces between the vertebrae of the spine, as 
well. Thus, the scope of the invention should be deter- 
mined by the appended claims and their legal equiva- 
lents. 

15 

Claims 

1. Use of growth homione in the manufacture of a 
20 composition for treating inflammation in a joint of a 

body. 

2. Use according to claim 1 , wherein treating the joint 
for inflammation comprises the steps of: 

25 

a) dissolving a quantity of purified growth hor- 
mone in a buffer solution, and 

b) injecting a single dosage of said growth hor- 
mone and said buffer solution into said joint 

30 along the joint surface. 

3. Use according to claim 2, wherein said buffer solu- 
tion has a range of pH between generally about 5.5 
and 8.3. 

35 

4. Use according to claim 3, wherein said buffer solu- 
tion is a phosphate buffer solution. 

5. Use according to claim 3, wherein said buffer solu- 
40 tion is Hank's Buffer Solution having a pH of about 

8.0 to 8.3. 

6. Use according to any preceding claim wherein said 
growth hormone is species specific so as to be iden- 

45 tical to naturally produced growth honnones. 

7. Use according to any preceding claim wherein said 
growth hormone is biologically engineered to as- 
sure maximum purity and disease elimination. 

50 

6. Use according to any one of claims 2 to 7 wherein 
a range of 0.5 to 10.0 milligrams of said purified 
growth honnone is dissolved in generally about 1 to 
1 0 milliliters of said buffer solution, the total volume 
55 of said dosage being dependent upon the weight of 
the individual subject being injected, and the size of 
the joint. 
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9. Use according to claim 8 wherein said dosage is a 
single dosage and is between generally about 
0.025 to 0.249 milligrams of purified growth hor- 
mone per Kilogram of body weight. 

10. Use according to claim 9 wherein about 5.8 milli- 
grams of said purified growth hormone is dissolved 
in 1 to 10 milliliters of said buffer solution. 

11. Use according to any one of claims 8 to 10 further 
comprising the step of Injecting a second one of said 
single dosage into the joint generally about one 
week later. 

12. Use according to claim 11, further comprising the 
steps of injecting a third one of said single dosage 
into the joint generally about one week later. 

13. A Use according to any one of claims 8 to 1 0, further 
comprising the steps of Injecting a second one of 
said single dosage into the joint generally about two 
weeks later. 

14. Use according to claim 13, further comprising the 
steps of injecting a third one of said single dosage 
into the Joint generally about two weeks later. 

15. Use according to any one of claims 8 to 10, further 
comprising the step of injecting a second one of said 
single dosage into the joint generally about four 
weeks later. 

16. Use according to claim 15, further comprising the 
steps of injecting a third one of said single dosage 
into the joint generally about four weeks later. 

17. Use according to any preceding claim, further com- 
prising the slep of mixing generally about 0.5 millili- 
ters to 10 milliliters of a local anesthetic with said 
mixture of growth homnone and buffer solution. 

18. Use according to claim 17 wherein the local anes- 
thetic is Lidocaine. 

19. Use of a single dosage of a growth hormone in a 
range of 0.025 milligrams to 0.249 milligrams per 
kilogram of patient body weight dissolved In a buffer 

solution in the manufacture of a composition for in- 
creasing a patient's range of motion of a joint. 

20. Use of at least a single dosage of a growth homnone 
in a range of 0.025 milligrams to 0.249 milligrams 

per kilogram of patient body weight dissolved in a 
buffer solution in the manufacture of a composition 
for correcting a malalignment in an arthritic joint of 
a body, such as a bow-legged deformity. 

21 . Use of at least a single dosage of a growth hormone 



in a range of 0.025 milligrams to 0.249 milligrams 
per kilogram of patient body weight dissolved in a 
buffer solution in the manufacture of a composition 
for increasing the space between the bone ends of 

5 a patient's joint. 

22. Use of at least a single dosage of a growth hormone 
in a range of 0.025 milligrams to 0.249 milligrams 
per kilogram of patient body weight dissolved in a 

10 buffer solution in the manufacture of a composition 
for smoothing the surface of the bone ends of a pa- 
tient's joint. 

23. An anti-inflammatory composition comprising a pu- 
15 rifled growth hormone of between 0.025 milligrams 

to 0.249 milligrams per kilo of a patient's body 
weight dissolved in a buffer solution of between 1 
to 10 milliliters. 

20 24. An anti-inflammatory composition as recited In 
claim 23 further comprising a local anesthetic. 

25. An anti-inflammatory composition as recited in 
claim 23 further comprising an anti-protease agent. 

25 

26. An anti-inflammatory composition as recited in 
claim 23 further comprising an anti-enzyme agent. 

27. An anti-inflammatory composition comprising a pu- 
30 rifled growth honmone of between 0.5 milligrams to 

10.0 milligrams per milliliter of a buffer solution. 

28. An anti-inflammatory composition as recited in 
claim 27 further comprising a local anesthetic. 

35 

29. An anti-inflammatory composition as recited in 
claim 27 further comprising an anti-protease agent. 

30. An anti-inflammatory composition as recited in 
40 claim 27 further comprising an anti-enzyme agent. 

31. An analgesic composition comprising a purified 
growth homnone of between 0.025 milligrams to 
0.249 milligrams per kilo of a patient's body weight 

45 dissolved in a buffer solution of between 1 to 1 0 mil- 
liliters. 

32. An analgesic composition as recited in claim 31 fur- 
ther comprising a local anesthetic. 

50 

33. An analgesic composition as recited in claim 32 
wherein said local anesthetic comprises LIdocain in 
an amount of generally between about 0.5 milliliter 

to 10 milliliters. 

55 

34. An analgesic composition as recited in claim 33 fur- 
ther comprising a local anesthetic agent. 
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35. An analgesic connposition as recited in claim 33 fur- 
ther comprising an anti-protease agent. 

36. An analgesic composition as recited in claim 33 fur- 
ther comprising an anti-enzyme agent. s 

37. An analgesic composition as recited in claim 31 fur- 
ther comprising an anti-protease agent. 

38. An analgesic composition as recited in claim 31 fur- io 
ther comprising an anti-enzyme agent. 

39. An analgesic composition comprising a purified 
growth hormone of between 0.5 milligrams to 10.0 
milligrams per milliliter of a buffer solution. <5 

40. Use according to any one of claims 1 to 22, further 
comprising the administration of a group of agents 
such as anli-cytokines, anti-kinases, anti growth 
factors - used individually or in various combina- 20 
tions thereof. 

41 . Use according to claim 40, wherein one or more 
agents is administered in combination with the 
growth homione. 25 

42. Use according to claim 40, wherein one or more 
agents is administered prior to treatment with 
growth homnone for Inflammation. 

30 

43. Use according to any one of claims 1 to 22, or 40 
to 42, further comprising the use of a joint lubricant. 

44. Use according to claim 43. wherein the lubricant is 
sodium hyaluronate. 35 

45. Growth hormone and a group of agents such as an- 
ti-cytokines, anti-kinases and anti growth factors, 
for simultaneous, simultaneous separate or se- 
quential use in the treatment of inflammation of a ^0 
joint. 

46. Growth hormone, a joint lubricant and a group of 
agents such as anti-cytokines, anti-kinases and an- 
ti growth factors, for simultaneous, simultaneous 
separate or sequential use in the treatment of In- 
flammation of a joint. 
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Abstract Tendon healing is a complex and highly-regulated process that is initiated, 

sustained and eventually terminated by a large number and variety of molecules. 
Growth factors represent one of the most important of the molecular families 
involved in healing, and a considerable number of studies have been undertaken in 
an effort to elucidate their many functions. This review covers some of the recent 
investigations into the roles of five growth factors whose activities have been best 
characterised during tendon healing: insulin-like growth factor-1 (IGF-I), trans- 
forming growth factor p (TGFp), vascular endothelial growth factor (VEGF), 
platelet-derived growth factor (PDGF). and basic fibroblast growth factor (bFGF). 
Ail five are markedly up-regulaied following tendon injury and are active at 
multiple stages of the healing process. IGF-I has been shown to be highly 
expressed during the early inflammatory phase in a number of animal tendon 
healing models, and appears to aid in the proliferation and migration of fibroblasts 
and to subsequently increase collagen production. TGFp is also active during 
intlammation, and has a variety of effects including the regulation of cellular 
migration and proliferation, and fibronectin binding interactions. VEGF is pro- 
duced at its highest levels only after the inflammatory phase, at which time it is a 
powerful stimulator of angiogenesis. PDGF is produced shortly after tendon 
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damage and helps to stimulate the production of other growth factors, including 
IGF-I, and has roles in tissue remodelling. 

In vitro and in vivo studies have shown that bFGF is both a powerful stimulator 
of angiogenesis and a regulator of cellular migration and proliferation. This 
review also covers some of the most recent studies into the use of these molecules 
as therapeutic agents to increase the efficacy and efficiency of tendon and 
ligament healing. Studies into the effects of the exogenous application of TGPP, 
IGF-I, PDGF and bFGF into the wound site singly and in combination have shown 
promise, significantly decreasing a number of parameters used to define the 
functional deficit of a healing tendon. Application of IGF-I has been shown to 
increase in the Achilles Functional Index and the breaking energy of injured rat 
tendon. TGFP and PDGF have been shown separately to increase the breaking 
energy of healing tendon. Finally, application of bFGF has been shown to promote 
cellular proliferation and collagen synthesis in vivo. 



Tendons are tiie connective tissue that attach 
muscle to bone, and allow the transduction of force 
of a contracting muscle to be exerted via the at- 
tached skeletal structure.''' They consist primarily of 
water and type I collagen, with smaller amounts of 
other coMagens and matrix materials, and various 
types of cells, most notably fibroblasts. 

The process of tendon healing represents an in- 
teresting paradigm for medical science. Although 
most tendons have the ability to heal spontaneously 
after injury, the scar tissue that is formed is almost 
always mechanically inferior and therefore much 
less able to perform the functions of a normal ten- 
don, and is also more susceptible to further dam- 
age.'-l Because the formulation of effective treat- 
ments for tendon injuries based on traditional tis- 
sue-level reparative procedures, surgical or 
otherwise, has presented such a problem to clini- 
cians in the field, much research has been directed 
toward the understanding of the mechanisms of ten- 
don healing at the molecular level. This has ulti- 
mately been in an effort to develop therapies to 
facilitate tendon healing through the use of individu- 
al molecules or groups of molecules known to have 
beneficial roles in the process. 

The process of tendon healing follows a pattern 
similar to that of other healing tissues (table I).^^' 
Upon tissue damage, blood vessels will ruptiire and 
signalling molecules released by intrinsic cells will 
trigger a coagulation cascade that will coordinate the 



formation of a clot around the injured area. The clot 
will contain cells and platelets that will immediately 
begin to release a variety of molecules, most notably 
growth factors (such as platelet-derived growth fac- 
tor [PDGF], transforming growth factor P [TGFp], 
and insulin-like growth factor [IGFJ-I and -II). caus- 
ing acute local inflammation. During this inflam- 
matory phase, there is an invasion by extrinsic cells 
such as neutrophils and macrophages which clean 
up necrotic debris by phagocytosis, and together 
with intrinsic cells (such as endotenon and epitenon 
cells) produce a second battery of cytokines to initi- 
ate the reparative phase. This stage sees collagen 
deposition and granulation tissue formation, as well 
as neovascularisation, extrinsic fibroblast migration 
and intrinsic fibroblast proliferation, These fibro- 
blasts aie responsible for synthesising the new ex- 
tracellular matrix, consisting largely of collagens 
and glycosaminoglycan. Finally, a remodelling 
phase begins, which sees decreases in the cellular 
and vascular, content of the callus tissue, and in- 
creases in collagen type I content and density. Even- 
tually, the collagen will become more organised and 
is orientated and cross-linked with the healthy ma- 
trix outside the injury area. After the healing process 
is complete, cellularity, vascularity, and collagen 
makeup will return to something approximating that 
of the normal tendon, although the diameters and 
cross-linking of the collagen fibrils often remain 
inferior after healing.'^' This mechanically inferior 
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Table I. Summary of the healing process in tendons and iigaments 



Time (days) 


Phase 


Process 


0 


Immediately post-injury 


Clot formation around the wound 


0-1 


Inflammatory 


First battery of growth factors and Inflammatory molecules produced by cells 
within the blood clot 


1-2 


Inflammatory 


Invasion by extrinsic cells, phagocytosis 


2-4 


Proiireratlon 


Further Invasion by extrinsic cells, followed by a second battery of growth factors 
that stimulate fibroblast proliferation 


4-7 


Reparative 


Collagen deposition; granulaUon tissue fonmatlon; revascularisation 


7-14 


Reparative 


Injury site becomes more organised; extracellular matrix Is produced in large 
amounts 


14-21 


Remodelling 


Decreases in cellular and vascular content; increases in collagen type 1 


2U 


Remodelling 


Collagen continues to become more organised and cross-linked with healthy 
matrix outside the injury area. Collagen ratios, water content and cellularlly begin 

to approach normal levels 



repair tissue is weaker and more susceptible to ten- 
don creep than uninjured tendon, and is tiierefore at 
higher risk of further damage. 

The description of tendon healing above is some- 
what generalised, and it is important to note that 
there are slight differences in the way different 
tendons heal, for example ina*asynovial versus ex- 
trasynovial tendons. Whereas extrasynovial tendons 
can be easily influenced by growth factors and cyto- 
kines produced by extrinsic cells, for example from 
the paratenon, intrasynovial tendons are more reliant 
on intrinsic cells such as those derived from the 
epitenon and endotenon. These differences are most 
probably due to differences in the local environment 
and the ease with which needed growth factors can 
be provided to the injured area.i^^ Although cells that 
originate from different regions of the tendon can 
have somewhat different influences diu'ing tissue 
repair, for most types of tendon both extrinsic and 
intrinsic cells will contribute to healingJ'^l 

Growth factors have a number of crucial roles in 
tendon healing, Growth factors such as TGpp, 
IGF-1, PDGF, vascular endothelial growth factor 
(VEGF) and basic fibroblast growth factor (bPGF) 
are markedly up-regulated throughout tendon repair. 
They can potentially be produced by both intrinsic 
(for example epitenon) and extrinsic (for example 
macrophage) cells, often have dose-dependent ef- 
fects, require specific receptors to be active, and 
usually work in synergy with other signalling mole- 
cules. Almost all are up-regulated when Uranscrip- 



tional factors (such as early growth response- 1, 
which stimulates the production of acidic fibroblast 
growth factor. bFGF, TGFp, PDGF, hepatocyte 
growth factor, VEGF and IGF-II, among othersl^O. 
bind to their (often common) regulatory sites.l^l 
Whilst a large amount of data on these molecules 
have been produced in recent years, much work still 
needs to be undertaken to fully understand their 
varied functions and multiple synergies. This review 
will cover some of the more recent studies on the 
functions and clinical applications of five of the best 
studied growth factors during tendon healing: IGF-I, 
TGFp, VEGF. PDGF and bFGF. 

1. Characterisatlonal Studies 

Growth factors represent one of the largest of the 
molecular families involved in the healing process, 
and a considerable number of studies have been 
undertaken in an effort to elucidate their many func- 
tions and behaviours during healing progression (ta- 
ble II). Some of this work, with a focus on IGF-I, 
TGFp, VEGF, PDGF, and bFGF, is outlined below. 

M Insulln-Uke Grov^h Factor-I (IGF-i) 

IGF-I is a single chain polypeptide that shows 
structural homology to protnsulin, and is involved in 
both normal body growth and healing.^^^' It binds to 
two types of receptors, type I IGF receptor and type 
II mannose-6-phosphate receptor,^"' and is regulat- 
ed by a group of specific IGF binding proteins.t^'^J It 
is an important mediator in all phases of wound 
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Table H. Summary of the roles of five growth factors during tendon and ligament heating 


Qfowth factor 


Phase in which growth factor is most active 


Roles Reference 


IGF-I 


Inflammation, proliferation 


Promotes the proliferation and migration of 8-13 






cells, stimulates matrix production 


TGFP 


Inflammation 


Regulates cell migration, proteinase 14-19 




expression, fibronectin binding interactions, 






termination of cell proliferation, and 






stimulation ot collagen production 


VEGF 


Proliferation, remodelling 


Promotes angiogenesis 20,21 


PDGF 


Proliferation, remodelling 


Regulates protein and ONA synthesis at the 10,22 






Injury site, regulates the expression of other 






growth factors 


bFGF 


Proliferation, remodelling 


Promotes cellular migration, angiogenesis 23-25 



bFGF = basic fibroblast growth factor; IGF-I » insulin-like growth factor-l; PDGF = pjatelet-derivod growth factor; TGFp » transforming 
growth factor; VEGF « vascular endothelial growth factor. 



healing, particularly during the inflammatory and 
proliferative stagesJ*^ Injured tissues lacking the 
growth factor are significantly disadvantaged in 
healingJ^^i Several studies^^-^*^-^'*^ have shown that 
IGF-I is locally increased during and after inflam- 
mation following soft tissue injury, both at the 
mRNA and protein levels, and is associated with a 
corresponding up-rcgulation of its receptors J^^^ Sci- 
ore et al.'^' demonstrated that IGF-I mRNA levels 
were more than 5-fold higher compared with con- 
trols 3 weeks after injury to the rabbit medial collat- 
eral ligament (MCL), then decreased (yet still re- 
mained at levels twice of that of the control) by 
weeks 6 and 14 (figure I). Hansson et al.^^1 showed 
that this up-regulation could also be seen at the 
protein level. 

Because IGF-I is such a versatile and widespread 
signal molecule, it has numerous and varied activi- 
ties during tendon healing, particularly when work- 
ing in concert with other growth faciorsJ*'^' Its 
primary roles seem to be to stimulate the prolifera- 
tion and migration of fibroblasts and other cells at 
the site of injury, and to subsequently increase the 
production of collagens and other extracellular ma- 
trix structures in these cells during the remodelling 
stages.'^ '-'^^ This proliferative activity was demon- 
strated by Jones and Clcmmons'*'' in various cell 
types, including fibroblasts. The ability of IGF-I to 
stimulate cells to produce collagen and fibronectin 
in vitro has been shown in rat calvarial cultures."^' 

As with many other cytokines, synergism with 
other molecules is important for its stimulatory ac- 



tivity. It is thought that IGF-I works to promote cell 
proliferation when in the presence of other growth 
factors, such as the PDGF isomer PDGF-BB, dis- 
cussed in section 1.4. This was shown in in vitro 
work by Tsuzaki et al.^-^"' in which mitogenesis and 
subsequent cell division of tendon fibroblasts and 
tendon surface cells was highest when both growth 
factors were applied together, compared with their 
individual application. 

It is also interesting to note that Tsuzaki et al.^"^*^^ 
observed that normal avian flexor tendon cells con- 
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Control 3 6 

Post-Injury lime (weeks) 
Fig. 1. Semi-quantitative reverse transcription polymerase chain 
reaction analysis of insulin-like growth factor-l (IGF-i) mRNA ex- 
pression (expressed as percentage of control) from (he injured 
medial collateral ligament of the New Zealand white rabbit at 3 
weeks (n s 4; eight ligaments), 6 weeks (n s 4; eight ligamenis), 
and t4 weeks (n ^ 4; eight ligaments) post-injury, and uninjured 
controls (n » 3; six ligaments). All were found to be significantly 
different from controls by analysis of variance (p < 0.05) [repro- 
duced from Sciore et al.,i'i with permission from Elsevier Science]. 
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tained a relatively high abundance of IGF-I protein 
as quantified by radioimmunoassay, but expression 
of IGF-1 mRNA measured by reverse transcription 
polymerase chain reaction was very low. This can be 
explained by the observation that low-level expres- 
sion of the gene within the normal tendon produces 
IGF-I protein which is immediately bound by spe- 
cific binding proteins (such as binding protein-3). 
These binding proteins keep IGF-I in an inactive 
form and protect it from degradation. It was suggest- 
ed that this reservoir of inactivated IGF-I protein is 
kept extracellularly until tissue injury occurs, at 
which time enzymes are released that free the bound 
IGF-I, activating it. This strategy of synthesising a 
comparatively small number of enzymes to activate 
a laige reservoir of inactive regulatory molecules 
ensures a rapid response to tissue injury. 

1 .2 Transforming Grov^th Factor p (TGPP) 

TCPP has shown to be active in almost all stages 
of tendon healing"*^' and has such varied effects as 
stimulating extrinsic cell migration, regulation of 
proteinases,''-'^' fibronectin binding interactions,''^^ 
termination of cell proliferation via cyclin-depend- 
ent kinase inhibitors''^' and stimulation of collagen 
production.'"^' Three 25-kDa homodimeric mamma- 
lian isoforms exist (pi, P2 and p3), and studies in 
knockout mice have shown thai each of these gives 
rise to a distinct phenotypc.^^^' They can be pro- 
duced by most cells involved in the healing pro- 
cess"^' and bind to three distinct classes of mem- 
brane receptors, RI, RII and RIII.'"' 

TGFP-I mRNA expression has been shown to 
dramatically increase a short time after tendon inju- 
ry (figure 2) and is thought, in particular, to play an 
important role in the initial inflammatory response 
to tissue damage. Studies using lactate, one of the 
earliest mediators in wound healing due to its rapid 
build-up during tissue hypoxia, .showed that it had 
the ability to directly stimulate TGFp-1 production 
in flexor tendon cells.''^' Natsu-ume et al.''^' demon- 
strated a significant and early elevation in TGPP-I 
levels in the healing rat patellar ligament which 
remained high for at least 8 weeks. Immunohis- 
tochemicul methods showed that initially the 




Control 3 6 

Post-injury time (weeks) 



Fig. 2. Semi-quantltative reverse transcription polynierase chain 
reaction analysis of transfomiing growth factor p (TGFp-1) mRNA 
levels (expressed as percentage of control) from the injured media) 
collateral ligament of the New Zealand white rabbil at 3 weeks (n = 
4; eight ligaments). 6 weeks (n = 4; eight ligaments), and 14 weeks 
(n = 4; eight ligaments) post-injury, and uninjured controls (n = 3; 
six ligaments). TGFp-1 mRNA levels at week 3 only were signifi- 
cantly different from controls by analysis of variance (p < 0.05) 
[reproduced from Sciore et al.,'^ with permission from Elsevier 
Science]. 

TGFp-l was extracellular, probably due to degranu- 
lation by platelets, but later was cell-associated, 
reflecting de novo synthesis. 

Klein^'^^ further showed in work on cultured 
rabbit sheath, epitenon and endotenon cells that each 
of the three TGFp isoforms (TGFp- 1 , -2 and -3) has 
effects on collagen production and cell viability. All 
three isoforms at two different concentrations (I and 
5 \i%PL) decreased the number of cultured cells 
compared with controls; however, the differences 
did not reach statistical significance. Production of 
collagen types I and III (the most abundant types of 
collagen found in tendon) was significantly in- 
creased (p < 0.05) in all cell types, although higher 
growth factor concentration was generally not corre- 
lated with further increases in production. 

Growth factors lack biological activity unless 
they bind to their specific receptors, so it follows 
that TGFP receptors are also seen to be up-regulated 
during tendon healing. During healing of u-ansected 
middle digit flexor digitorum profundus tendons, 
Ngo et al.'^^^ used immunohistochemical staining to 
show up-regulation of all three classes of TGFp 
receptor proteins. Levels peaked at postoperative 
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day 14, and had decreased by day 56. They were 
abundant along both the tendon sheath and epitenon, 
suggesting that both intrinsic and extrinsic mecha- 
nisms of tendon healing were active in this model. 

Similar to other growth factors, TGPP- 1 works in 
a dose-dependent manner and in synergy with other 
growth factors. For example, in vitro studies on 
canine anterior cruciate ligament fibroblasts showed 
that low doses of TGFp-1 act positively with the 
PDGF isomer PDGF-AB to promote fibroblast pro- 
liferation, whereas at increased concentrations, this 
was reversedJ^*^^ 

1 .3 Vascular Endothelial Growth 
Factor (VEGF) 

The growth factors discussed in sections 1.1 and 
1.2 become active almost immediately following 
tissue injury and continue to regulate the function of 
various processes at almost all phases of healing. 
However, this early and almost continuous activa- 
tion is not common to all growth factors. VEGF for 
example, while having some role in early cellular 
migration and proliferation, is most active after in- 
flammation, most notably during the proliferative 
and remodelling phases where it has been shown to 
be a powerful stimulator of angiogenesis.^'"'^ A num- 
ber of different isoforms of VEGF exist which ap- 
pear to have unique biological functions, although 
all bind to three structurally related receptor tyrosine 
kinases called VEGF receptor (VEGFR)-l, -2. and 
-3.'"*" The proliferative and milogenic activities of 
VEGF chiefly depend on its interactions with 
VEGFR-2.l«l 

Expression of the VEGF gene can be up-regulat- 
ed in response to both biological and biomechanical 
stimuli, including hypoxia,*"*^^ other growth fac- 
tors,'^'' inierleukins.l'*^! and, during osteogenesis, 
bone distraction. Increased levels of angiogenic 
growth factors such as VEGF within an injury site 
are coirelated with a we 1 1 -defined pattern of vascu- 
lar ingrowth from the epi- and intra-tendinous blood 
supply toward the site of repair. This neovascu- 
larisation proceeds along the surface of the epitenon. 
through a normally avascular area, and provides 



extrinsic cells, nutrients, and growth factors to the 
injured aiea. 

Boyer et al.'^^ quantified VEGF mRN A levels in 
the canine intrasynovial flexor tendon at various 
time points following tendon transection using 
Northern blot analyses (figure 3). It was found that 
at days 0 and 4 following injury, levels remained 
approximately at baseline, which was followed by a 
peak at day 7 (with levels at approximately 210% 
that of normal), and then a steady decline back to 
baseline by day 2 1 . This kind of temporal expression 
profile is consistent with observed neovascularisa- 
tion in and around the tendon repair site following 
inflammation. For example, studies by Gelberman 
el al.'-'' on the canine flexor tendon showed an 
increase in vessel length and density starting from 
post-operative day 3, which peaked at day 17, and 
was followed by a decrease in vessel density at day 
28. 

Using in situ hydridisation on the injured canine 
flexor tendon, the spatial pattern of VEGF expres- 
sion has also been detcrmined.l'^'^' VEGF mRNA 
accumulation was detected in around 67% of cells at 
the injury site, whereas only 10% of the epitenon 
cells directly adjacent showed accumulation, and 
had levels comparable to those epitenon cells distant 
from the site of repair. This extremely apparent 
stratification of gene expression between adjacent 

^ 250 -, 
2 
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Fig. 3. Northern Blot analyses of vascular endothelial growth factor 
{VEGF) mRNA expression In the canine flexor tendon post injury, 
compared with controls. A statistically significant elevation in VEGF 
mRNA was shown at days 7 and 10 post-Injury (p < 0.05) [repro- 
duced from Boyer et Qi..<"> with permission from Elsevier Science]. 
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cells effectively demonstrates how highly coordinat- 
ed the mechanisms of healing are. This coordination 
is brought about largely through the specificity of 
action and tight regulation of growth factors and 
other molecules during each of the phases of heal- 
ing. 

1.4 Platelet-Derived Growth Factor (PDGF) 

PDCF describes a group of dimeric polypeptide 
iso forms made up from three types of structurally 
similar subunits. Its activity is mediated through its 
interaction with two related tyrosine kinase recep- 
tors, one of which binds all three PDGF chains, and 
the other binds only one.^^^' Work by Duffy et al.*'*^' 
has shown thai PDGF is elevated in the healing 
canine digital flexor tendon, suggesting a role in the 
healing process. It is thought to play a significant 
role in the early stages of healing, at which time it 
induces the synthesis of other growth factors, such 
as IGF-I.*'^' fn vitro studies by Yoshikawa and 
Abrahamsson^''^' on PDGF have further demonstrat- 
ed that this growth factor also plays an important 
role during tissue remodelling. PDGF was observed 
to stimulate bDth collagen and non-collagen protein 
production, as well as DNA synthesis, in a dose- 
dependent manner. 

One theory that has been put forward as to how 
PDGF increases protein production involves its in- 
duction of TGPP-I expression.J^-' However, in vivo 
studies by Hildebrand el alj^'^l in which the PDGF 
isomer PDGF-BB was applied to the healing MCL 
of the rabbit with and without TGF^- 1 showed no 
such complementary effect. In fact, addition of 
PDGF-BB and TGFp-1 together resulted in poorer 
healing (as determined by ultimate load, energy 
absorbed to failure, and ultimate elongation values) 
than addition of PDGF-BB alone. Stimulation of 
DNA synthesis by PDGF has also been postulated to 
occur through a growth factor second messenger. In 
this case» increases in PDGF have been shown to 
result in up-rcgulalion of IGF-I and IGF receptors, 
that once activated stimulate DNA synthesis.^'^' A 
significant amount of the PDGF produced for this 
end is thought to come from an exogenous source, 
probably from plate lets. 



Interestingly, the level of stimulation has been 
shown to be specific to the site and type of tendon 
examined. In studies by Yoshikawa and Abraham- 
sson^**^! DNA synthesis was stimulated to higher 
levels in intermediate compared with intrasynovial 
tendons, and protein synthesis was higher in proxi- 
mal intrasynovial tendon segments than in ex- 
trasynovial peroneal tendon segments. 

1 .5 Basic Fibroblast Growth Factor (bFGF) 

The final growth factor that will be discussed 
here is bFGF. it is a single chain polypeptide com- 
posed of 146 amino acids, and is a member of the 
heparin-binding growth factor family.'^^' Through 
its interaction with a number of isoforms of four cell 
surface receptors, it has been shown to be a potent 
stimulator of angiogenesis and cellular migration 
and proliferation in both in vivo and in vitro stud- 

Stimulation of cellular migration and prolifera- 
tion by bFGF has been demonstrated by Chan et 
al.l^^l using cultured rat patellar tendon fibroblasts. 
In this study, an *m vitro wound* was created by 
mechanically generating a uniform cell-free zone in 
a culture dish. The progression of closure of the in 
vitro wound was measured at various time points 
after the addition of four different concenu*ations of 
bFGF, ranging from 0-50 j^g/L. It was observed that 
the addition of as little as 2 |ig/L of bFGF accelerat- 
ed the rate at which wound closure progressed, and a 
concentration of 10 |ig/L was most effective. Cellu- 
lar proliferation was confirmed as the mechanism of 
wound closure and distinguished from cell chemo- 
taxis by the measurement of 5-bromo-2'-deoxy- 
uridine incorporation. 

A later study by Chang et al.*-^' used a rabbit 
flexor tendon model to localise and quantify bFGF 
mRNA during tendon healing, fn sint hybridisation 
showed that bFGF expression was increased in both 
the tendon parenchyma and the tendon sheath from 
the first postoperative day, and remained elevated 
up to the last lime point, day 56. The highest levels 
of expression within the tendon came from intrinsic 
tenocytes and fibroblasts migrating from the epite- 
non, along the edge of the wound. Inflammatory 
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• Sham 

■ Transection + IGF-I 
▲ Transection 




6 7 8 9 10 11 12 13 14 15 16 
Post-Injury time (days) 

Fig. 4. 15-day time course showing the effects of insulin-iike growth factor-! (IGF-I) [± SEM] on the Achilles Functional Index of the rat 
tollowing tendon transection. Within a given time point all groups are significantly different (p < 0.05) (reproduced from Kurtz et al..l"l with 
permission). 



leucocytes and fibroblasts in the surrounding syno- 
vial tendon sheath also displayed high bFGF mes- 
senger levels. These observations again suggest that 
both intrinsic and extrinsic cells are important in 
tendon healing as sources of growth factors. 

2. In Vivo Studies 

Shortly after the initial investigations which dis- 
covered and characterised some of the more impor- 
lani growth factors employed in tendon and liga- 
ment healing, clinical studies commenced in a varie- 
ty of animal models. Because tendon healing is a 
complex process involving the interaction of a large 
number of different molecules, cells and tissues, 
results have often been unpredictable and disap- 
pointing. However, some success has been 
achieved, which suggests that the speed and quahty 
of tendon healing may eventually be improved by 
the application and/or regulation of growth factors 
and other molecules. The major challenges seem to 
be in predicting the synergies and antagonisms 
among growth factors and between growth factors 
and other molecules, and how to temporally and 
spatially apply different growth factors for best ef- 
fect. Another major technical challenge common to 
ail in vivo studies is the deliveiy of the therapeutic 



molecules to the target cells in a specific and sus- 
tained manner. 

In vivo use of TGpp, IGF-I, PDGF, bFGF, singly 
and in combination has shown some promise in 
recent years. The following is a brief summary of 
the most recent in vivo work for each of these 
growth factors. 

2.1 IGF-1 

IGF-1 has been successfully used by Kurtz et 
al.'^i to increase the rate of healing in the uransacted 
rat Achilles tendon (figure 4). Following transec- 
tion, each tendon was treated with 25^g of a recom- 
binant variant form of IGF-I (a form which has 
much less binding affinity to circulating proteins) in 
a methylcellulose gel vehicle. An obvious positive 
effect on the healing tissue was observed as early as 
24 hours after the transection and addition of IGF-I 
(as shown by measurements of the Achilles Func- 
tional Index), and this effect continued up until the 
tenth and last measurement, on day 15. 

The same study also showed the ability of IGF-I 
to reduce inflammation and its resulting functional 
deficit in damaged tendons. In experiments similar 
to those described above, 20 rats underwent Achilles 
tendon transection followed by an injection of the 
inflammatory agent carrageenan. The injury was 
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subsequently treated with the recombinant IGF-I, 
and functional and btomechanical data collected. It 
was observed that the rats that received IGF-I had a 
much less functional deficit induced by the car- 
rageenan than rats that did not receive IGF-I. Al- 
though the exact mechanism by which IGF-1 regu- 
lates inflammation is unknown, it was postulated 
that instead of simply preventing inflammatory cells 
from migrating into the injury area (as there was no 
significant decrease of these types of cells in the 
wound), it may act through a negative feedback 
loop. As one of the main products of the inflam- 
matory cascade, high concentrations of IGF- 1 may 
act to switch off early inflammatory cascade genes 
in the cells Involved in this process. 

The ability of IGF-I to augment ligament heahng 
when in combination with bFGF has also been stud- 
ied. In one study J"^*' a small incision in the MCL of 
the rat was treated with a collagen emulsion/IGF-I/ 
bFGF preparation and left to heal (with no ligament 
repair) for 12 days, after which the ligament was 
extracted and its biomechanical properties tested. A 
statistically significant increase in the breaking en- 
ergy of 58% (±83%, p < 0.05, n = 10) was observed; 
however, measurements of rupture force and stiff- 
ness were found not to be significantly different 
from the controls. 

2.2 TGFp 

In vivo studies do not always involve the exoge- 
nous application or up-regulation of a particular 
growth factor; for many growth factors, too high a 
dose can in fact be detrimental. High levels of 
TGFp- 1, for example, have been implicated in ten- 
don adhesion formation, which can significantly 
decrease the range of motion of a tendon,''*^^ In an 
effort to counter this, Chang ei al.'*"*^ have conducted 
studies on TGpp-I and -2 within the healing rabbit 
zone 11 flexor tendon. Their work used neutralising 
TGFP- 1 and -2 antibodies in an attempt to decrease 
TGFp- 1 and -2 activity and the associated loss of 
range of motion. Twenty-two animals underwent a 
transection of the zone II middle digit flexor dig- 
iiorum profundus followed by a treatment of either 
phosphate-buffered saline, TGFP- 1 antibody, or a 



combination of TGFP- 1 and -2 antibodies. They 
observed that the animals that received antibodies to 
TGFp- 1 had around twice the range of motion (de- 
fined as the combined angular measurement of flex- 
ion at the proximal and distal interphalangeal joints) 
than those that did not. Interestingly, animals that 
received antibodies to both TGPP- 1 and -2 did not 
show a significantly higher range of motion than 
those that received only TGFP-1 antibodies. 

Other members of the TGFP superfamily have 
been used in vivo with some success. Forslund and 
Aspenburg'^^'^'^' used a single direct injection of 
cartilage-derived morphogenetic protein-2 
(CDMP-2; also known as GDF-6 or bone morpho- 
genetic protein- 13), into the transected Achilles ten- 
dons of rats, and observed an increase in the force at 
failure of 39% in rats treated with CDMP-2 versus 
the control. Also, the tendons treated with CDMP-2 
were thicker and appeared more dense than the non- 
treated controls. CDMP-l was used in an earlier 
study from the same laboratory, but it seemed less 
potent as shown by a two-way ANOVA. In a third 
study, Aspenburg and Forslund'-'''^' used the TGFp 
family member osteogenic protein- 1, but this was 
shown to induce bone formation in the tendon and 
had a detrimental efifect on mechanical strength. 

2.3 PDGF 

Letson and Dahners^^*' used treatments of PDGF 
alone, PDGF in combination with IGF-I, and PDGF 
in combination with bFGF. in an attempt to improve 
the healing of the rat MCL. 1 .2^g of each growth 
factor in a collagen emulsion was injected into the 
transected ligament, and at day 12 post-injury the 
ligaments were harvested and their biomechanical 
properties tested. They observed that the PDGF- 
only treatment increased healed ligament strength 
by 73% (±55%. p < 0.0025), stiffness by 94% 
(±63%, p < 0.0025), and breaking energy by 101% 
(±104%, p < 0.0 1 ; not statistically significant). Like- 
wise, the PDGF + IGF-I and PDGF + bFGF treat- 
ments also increased the quality of ligament healing 
to a similar level versus controls; however, in this 
case no synergistic interactions were observed. It 
was suggested that this was perhaps due to sub- 
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Table (il. Structural properties of the healing rabbit (emur-MCUibia complexes after treatment with a tilgh (20Mg) or low (0.04#ig) dose of 
POGF-BB or control. Data in the experimental/sham section are normalised and expressed as experimental divided by sham (reproduced 
from Hildebrand et aiy^ with permission) 



Property 


Fibrin sealani 


Low-dose PDGF-BB 


High-dose PDGF-BB 


Experimental 








Stiffness (N/mm) 


22.4 ± 4.6 


30.8 ± 2.6 


24.4 ±11.0 


Ultimate load (N) 


83.7 ± 28.4 


119.4 ±47.6 


130.2 ±86.4 


Energy absorbed (J) 


125 ± 25 


350 ± 120 


380 ±340 


Ultimate elongation (mm) 


4.0 ± 0.5 


4.7 ±1.9 


5.6 ± 2.1 


Experimental/sham 








Stlflness (N/mm) 


0.59 ±0.15 


0.66 ±0.15 


0.62 ± 0.23 


Ultimate load (N) 


0.33 ±0.14 


0.40 ± 0.21 


0.51 ± 0.24 


Energy absorbed (J) 


0.19 ±0.10 


0.35 ±0,18 


0.44 ± 0.24 


Ultimate elongation (mm) 


0.56 ±0.11 


0.66 ± 0.26 


0,88 ± 0.39 



MCL s medial coHaterai ligament; PDGF-BB = platelet-derived growth factor isomer BB. 



Optimal dosing of the two molecules or that multiple 
closes over the healing period were required. The 
latter of these is perhaps most important as the three 
growth factors have somewhat different temporal 
profiles. PDGF exerts the greatest of its effects 
almost immediately after injury occurs, triggering 
the healing cascades during inflammation that mark 
the beginning of healing proper, whereas IGF-I and 
bFGF are important during the intermediate and 
later phases, particulariy during cell proliferation 
and angiogenesis. An optimum therapy using these 
molecules would most likely involve the immediate 
addition of PDGF. followed sometime later by the 
application of bFGF and/or IGF-I to up-regulate 
these later stages. 

Subsequent to this study. Hildebrand et al.^^"" 
demonstrated that the introduction of PDGF-BB 
into the injury site of the MCL of rabbits significant- 
ly increases its quality of healing, as shown by 
increases in Che ultimate load, energy absorbed to 
failure, and ultimate elongation values of the femur- 
MCL-tibia complex (table III). However, these im- 
proved biomechanical properties were not apparent 
from histological examination as there was no sig- 
nificant difference in celiularity, vascularity or fibre 
alignment between treated ligaments and controls. It 
was thought that other structural components not 
examined, such as fibril diameters, must have been 
responsible for the increases. 



This study was of interest as it also tested for a 
dose-dependent response using a fibrin sealant as a 
delivery vehicle to provide either 0, 0,4, or 20|Xg of 
PDGF-BB to the wound site. The high-dose treat- 
ment did indeed result in a femur-MCL-tibia com- 
plex with better biomechanical properties than the 
low-dose, successfully demonstrating a positive 
dose-response. 

2.4 bFGF 

Chan et al.'-"*^ studied the effects of a single 
injection of bFGF on type III collagen expression, 
cell proliferation, ultimate stress and the pyridi- 
noline content in the inidal stages of healing in the 
rat patellar tendon. Three days after a defect was 
introduced into the mid-part of the petallar tendon, 
various doses of bFGF were injected directly into 
the wound site. It was observed that after 7 days 
increasing dosage of bFGF was correlated with in- 
creases in collagen type III expression and cellular 
proliferation, and although ultimate stress and 
pyridinoline content appeared to also increase, it 
was not found to be statistically significant. 

In a study by Fukui et al.J^l a defect in the MCL 
was treated with varying doses of recombinant 
human bFGF carried by a fibrin gel, and repair 
tissues examined al postoperative days 7, 14, 2 1 and 
42. bFGF was found to promote the eariy formation 
of lepair tissue compared with controls. Again, a 
dose-dependent response was shown, although in 
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this case higher doses had adverse effects. While a 
low dose resulted in the rale of tissue maturation 
being very similar to the controls, a high dose result- 
ed in significant delays in maturation observed at the 
third and sixth week. A further observation was that 
type I procollagen expression was reduced in all 
bFGF-treated groups. 

Somewhat similar results were found by 
Kobayashi et al.i"i in an investigation of the healing 
canine anterior cruciate ligament. In this work, cy- 
lindrical defects were introduced into the anter- 
omedial bundle of the canine anterior cruciate liga- 
ment, a region known to have an extremely poor 
potential for healing, and treated with bFGF-im- 
pregnated pellets. The early stages of healing were 
shown to be positively influenced by the treatment, 
with defects quickly filhng with new granulation 
tissue, as opposed to only partial filling in the con- 
trol group. A dose-response was not investigated in 
this study, and although the amount of bPGF used 
was identical to the highest dose used in Fukui et 
al.'s^^'*^ work and the progression of healing ob- 
served at the same time points, no significant disrup- 
tion of maturation was reponed as was in Fukui et 
al.'s study. These divergent results are likely due to 
the different animal models and/or delivery vehicle 
used in the two studies (for example Kobayashi et 
^\}^^^ postulated that it was unlikely that the bFGF 
pellet remained biologically active for more than 3 
weeks, and Fukui el al.^^l only observed the inter- 
ference of repair tissue maturation from week 3 
onwards), as well as the different environments of 
the two ligaments studied (compared with the MCL, 
the anterior cruciate ligament has a poor supply of 
blood and early repair cells due to its intra-articular 
location'-''*'). 

Kobayashi et al.^'^' also noted that bFGF provid- 
ed only a boost to the initial stages of healing, yet all 
.subsequent steps proceeded with significantly more 
speed and efficacy than would take place naturally. 
It was hypothesised therefore that this initial *kick- 
start' was all that was required to set in motion a 
cascade of other stimuli, most probably derived 
from invading cells and surrounding fluid, which 
resulted in greatly improved healing. This suggests 



that potential therapies may only have to control a 
small group or even a single key molecule to insti- 
gate or accelerate healing at a recalcitrant wound 
site - an important attribute for effective, practical, 
and economical therapies. 

3. Future Directions 

Each of the five growth factors discussed in 
sections 1 and 2 has important, varied roles within 
the healing tendon. IGF-I, PDGF and bFGF have 
vital functions during the early and intermediate 
stages of healing, during which they aid in the 
migration and proliferation of fibroblasts and stimu- 
late extracellular matrix synthesis. TGFp and VEGF 
also have some role in these processes, and in addi- 
tion are instrumental in the remodelling phases, 
regulating angiogenesis within the wound site. Each 
of these molecules is involved in a myriad of inter- 
actions during these different stages of tendon heal- 
ing, affecting both its own activity and expression as 
well as that of other molecules. If growth factors are 
to be successfully employed as therapeutics in the 
future, further research will be required. Work will 
need to focus on further defining the roles of each of 
the growth factors known as well as the strategies of 
regulation they employ, and most importantly will, 
need to identify and clarify the synergistic and an- 
tagonistic influences they have on one another. 

Some success has already been achieved utilising 
growth factors as therapeutics using a variety of 
delivery techniques, including direct injection, sur- 
gical implant, collagen or gel vehicles and gene 
therapy. In most of these studies, the application of a 
single molecule has shown some enhancement of 
healing; however, in general this temporary t)oost of 
a single 'healing signal* soon becomes diluted out, 
and has only a limited effect on the final outcome. 
Using a combination of patients' own growth factors 
to promote healing in injured tissue has become an 
important and potentially very fruitful area of re- 
seaich. Autologous growth factors are produced, by 
platelets which are easily harvested from whole 
blood by a few cenirifugation steps. Once a platelet- 
rich plasma specimen has been prepared, platelets 
can be activated to produce high titrc growth factor 
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combinations which can then be delivered to the 
wound site. While little work has been performed on 
this type of growth factor treatment specifically for 
tendon and ligament healing, several studies on oth- 
er tissues have shown promise. Tischler^"^ for ex- 
ample, used autologous PDGF to treat decubitus 
ulcers, and observed much higher rates of healing in 
treated ulcers verses controls. Obviously the U-eat- 
mcnl in this study simply involved the topical appli- 
cation of the growth factor combination onto the 
wound site - delivering it to a healing ligament or 
tendon would present more of a problem. 

In future, most success will likely come from the 
application of not one but multiple growth factors 
over the healing period in a similar way. A treatment 
progranune could be envisioned in which a key 
molecule could be applied at the beginning of each 
phase of healing to significantly compress the heal- 
ing process while simultaneously increasing the 
quality. Inherent in this approach however, is the 
problem of a subject requiring multiple treatments 
over a relatively short time. In this case, treatments 
involving surgery lo deliver the molecule would 
most likely be infeasible; a direct injection of either 
the molecule or gene as part of a gene therapy 
solution would be more satisfactory. These options 
of course present their own problems, the most 
obvious of which is the need for sustained yet con- 
trolled release (or production) of the therapeutic 
molecule. 

A viable alternative to the exogenous application 
of growth factors would of course be to use some 
other kind of stimuli to increase the production or 
activity of endogenous growth factors. Studies in 
this area have already been undertaken in a number 
of wound healing models using various stimuli, 
including hypoxia, ultrasound, mechanical, and 
electrical stimulation. Recently, Bouletreau et 
used hypoxia, a stimuli present in the microenviron- 
ment of a fracture, to increase the production of 
bone moiphogenetic protein-2 transcripts in cul- 
tured bovine endothelial cells. A 2- to 3-fold in- 
crease in bone morphogenetic protein-2 mRNA ex- 
pression was observed after 24 and 48 hours in 
hypoxic cells compared with controls. Likewise, a 



study by Ycung et al.^^^l showed TGPP- 1 production 
could be increased in response to mechanical stimu- 
lation in distracted fracture callus cells compared 
with normal fracture callus cells. These and other 
studies have shown that different types of physical 
and chemical stimuli are effectively translated into 
biological stimuli that result in the activation of the 
normal growth factor-mediated healing cascades. 
The use of these techniques to activate or amplify 
endogenous growth factors coupled with an effec- 
tive exogenous application could prove to be ex- 
tremely beneficial and obviate the need for invasive 
surgical procedures. 

4. Conclusion 

The processes of tendon and ligament healing are 
highly complex, but axe slowly starting to become 
more well defined. Of the large number of mole- 
cules involved, growth factors play a central role. 
They are a diverse group of signal molecules whose 
effects are intricate and overlapping, and whose 
action is often dependent on dose, temporal expres- 
sion, interaction with other growth factors, and even 
spatial distribution at the injury site. 

There has been a steadily increasing number of in 
vitro and in vivo investigations into the action of 
growth factors over recent years which have provid- 
ed vital information on the mechanics of the healing 
process. These data have been used to perform in 
vivo growth factor-based therapeutic studies which 
have shown some definite promise in increasing the 
efficiency and effectiveness of tendon healing. 
While a truly practical and effective treatment based 
on the application or regulation of growth factors in 
vivo may still be some time away, the future of 
cytokine-based therapies is promising. 
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CORRESPONDENCE 



Tumor Necrosis Factor-a Increased Production 
during Thalidomide Treatment in Patients 
with Tuberculosis and Human Immunodeficiency 
Virus Coinfection 

To the Editor— We read with interest the article by Bekker et 
al. [1] on the role of thalidomide-induced antigen-specific im- 
mune stimulation in patients with human immunodeficiency 
vims (HIV) and Mycobacterium tuberculosis coinfection. In 
their report, it is suggested that thalidomide treatment of HIV- 
infected patients does not reduce plasma tumor necrosis factor 
(TNF)-a levels. The observation is explained by a differential 
effect of thalidomide on monocyte and T cell TNF-a pro- 
duction. In particular, the authors report that thalidomide 
inhibited TNF-a production by lipopolysaccharide-stimu- 
lated monocytes but failed to inhibit TNF-a production by 
activated T Cells [2-5]. Finally, the authors found an increase 
in TNF-a production at day 21 of therapy in the thalidomide 
group, thus suggesting that the drug could be responsible for 
this increase by stimulation of T cell activation. 

As Bekker et al. observed, these data seem to be in contrast 
with the findings of previous studies, mainly performed in 
vitro, which reported an anti-inflammatory effect of thalid- 
omide, mediated by an inhibition of TNF-a production [4, 
6]. Nevertheless, the data confirm the most recent in vivo 
reports showing an increase in TNF-a concentrations and 
soluble TNF-a receptors during thalidomide treatment [7, 8]: 
These data suggest that thalidomide is not a systemic TNF- 
a inhibitor. Moreover, it must be underlined that increased 
TNF-a production in the thalidomide-treated patients was 
associated with unexplained deaths when thalidomide was 
used in the treatment of toxic epidermal necrolysis [7]. 

We conducted a study, similar to the one performed by 
Bekker and colleagues, using thalidomide to treat HIV- and 
tuberculosis-coinfected patients. We studied 6 HIV- and Af. 
tubercuIosis-mhctQd patients, characterized- by a poor re- 
sponse to the antituberculosis treatment, who were subse- 
quently treated with thalidomide as adjuvant therapy. Im- 
munological evaluations prior to thalidomide introduction 
suggested that these patients had significantly lower levels of 
TNF-a production than did the control subjects. Following 
thalidomide treatment, we observed a progressive increase in 
TNF-a production with a peak after about day 35 of therapy, 
thus confirming the observations made by Bekker and col- 
leagues [1]. The increase in TNF-a concurred with a signifi- 
cant recovery of Thl cytokine production, such as interleukin- 
2 and interferon-7, and was followed by a significant 
improvement in clinical conditions (reduction of fever, in- 
crease in body weight, improvement in radiological findings, 
and negativization of M. tuberculosis cultures) in all patients. 

Our data, along with the results of Bekker et al., emphasize 
the usefulness of thalidomide treatment in patients infected 



by Af. tuberculosis and demonstrate the complexity of the 
immunomodulating effects mediated by this drug. In agree- 
ment with the more recent in vivo reports, we confirm that 
thalidomide did not reduce TNF-a levels, and this is probably 
due to an activation of T cell activity, as hypothesized by 
Bekker and colleagues. However, these data raise questions 
as to the nature of the interaction between TNF-a and tha- 
lidomide. In the light of these results, we suggest extreme 
caution in undertaking studies that support the clinical use 
of thalidomide, on the basis of the assumption of its contra- 
dictory role in TNF-a inhibition. 

Andrea Gori,^ Maria Cristina Rossi,' 
Daria Trabattoni/ Giulia Marchetti,' 
Maria Luisa Fusi,^ Chiara Molteni,^ 
Mario Clerici,^ and Fabio Franzetti' 

^Institute of Infectious Diseases and Tropical Medicine 
and ^Chair of Immunology, "Luigi Sacco" Hospital. 

University of Milan, Milan. Italy 
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Reply 

To the Editor— We thank Gori et al. [1] for their letter con- 
cerning our recently published article [2]. We have read the letter 
with great interest. Although we do not have any specific re- 
sponse to the letter, we would like to suggest 3 recently pub- 
lished references relevant to their commentary [3-5]. 

Gilla Kaplan 

Laboratory of Cellular Physiology and Immunology 
The Rockefeller University, New York, New York 
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OFFICE PROCEDURES 



Diagnostic and Therapeutic Injection 
of the Hip and Knee 

DENNIS A. CARDONE, D.O,. C.A.Q.S.M., and ALFRED R TALLIA, M.D., M.P.H. 
University of Medicine and Dentistry of New Jersey, New Brunswick, New Jersey 

Joint injection of the hip and knee regions is a useful diagnostic and therapeutic tool for 
the family physician. In this article, the injection procedure for the greater trochanteric 
bursa, the knee joint the pes anserine bursa, the iliotlbial band, and the prepatellar 
bursa is reviewed. Indications for greater trochanteric bursa Injection include acute and 
chronic inflammation associated with osteoarthritis, rheumatoid arthritis, repetitive use, 
and other traumatic injuries to the area. For the knee joint, aspiration may be performed 
to aid in the diagnosis of an unexplained effusion and relieve discomfort caused by an 
effusion. Injection of the knee can be performed for viscosupplementation or cortico- 
steroid therapy. Indications for corticosteroid injection include advanced osteoarthritis 
and other inflammatory arthritides, such as gout or calcium pyrophosphate deposition 
disease. Swelling and tenderness of pes anserine or prepatellar bursae can be relieved 
with aspiration and corticosteroid injection. Persistent pain and disability from iliotibial 
band syndrome respond to local injection therapy. The proper technique, choice and 
quantity of pharmaceuticals, and appropriate follow-up are essential for effective out- 
comes. (Am Fam Physician 2003;67:2147-52. Copyright® 2003 American Academy of Fam- 
ily Physicians.) 



This article is one in a 
series of "Office Proce- 
dures" articles coordi- 
nated by Dennis A. 
Cardone, D.O., 
CA.QS.M., associate 
professor, and Alfred 
F. Tallia, M.D., M,RH., 
associate professor, 
Department of Family 
Medicine, UMDNJ- 
Robert Wood Jotinson 
Medical School, New 
Brunswick, New Jersey 



This article, part of a series on 
diagnostic and therapeutic 
injections, reviews the hip and 
knee regions. The rationale, 
indications, contraindications, 
and general approach to this technique are 
discussed in the first article of the series.* The 
hip and knee are sites of multiple injuries and 
inflamniatory conditions^ that lend them- 
selves to diagnostic and therapeutic injec- 
tion.^'^ Intra-articular injection of the hip is 
rarely performed by family physicians because 
this procedure is commonly performed with 
fluoroscopic guidance. This article focuses 
on the anatomy, pathology, diagnosis, and 
injection technique of the common sites for 
which this skill is applicable, including the 
greater trochanteric bursa, knee joint, pes 
anserine bursa, iliotibial band, and the 
prepatellar bursa. 

Greater Trochanteric Bursa 

ANATOMY 

The trochanteric bursa is located over the 
lateral prominence of the greater trochanter of 
the femur. 



INDICATIONS 

Trochanteric bursitis, the primary indica- 
tion for therapeutic injection at this site, usu- 
ally is associated with chronic pressure or 
trauma to the area. Leg-length abnormalities, 
obesity, rheumatoid arthritis, and osteoarthri- 
tis are associated factors in many patients.' 
Friction from a tight iliotibial band, typically 
seen in runners, also can cause this problem. 
Diagnosis is confirmed by palpation of ten- 
derness, and sometimes swelling, in the region 
of the bursa. 

TIMING AND OTHER CONSIDERATIONS 

Early corticosteroid injection frequendy is 
the preferred treatment, because it has been 
shown to be effective with satisfactory dura- 
tion of effect. '° 

TECHNIQUE 

See Table 1 for a list of pharmaceuticals and 
equipment. 

Position of Patient The patient should be in 
the lateral recumbent position with the 
affected side up. For the patient's comfort and 
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TABLE 1 

Equipment and Pharmaceuticals 



Hydrocortisone 



Site 


Syringe 


Needle 


Anesthetic 


Corticosteroid* 


eQuivalents 
per injection 


Greater 


5 to 10 mL 


22 or 25 gauge, 


3 to 5 mL of 1 percent 


1 mL betamethasone sodium 


150 


trochanteric 




1.5 inch (longer 


lidocaine (Xylocaine) or 


phosphate and acetate 




bursa 




if patient is very 


0.25 or 0.5 percent 


(Celestone Soluspan) 








ooese^ 


bupivacaine (Marcaine) 


or 












1 ml rnPthvlnrpHni^nlnnp 












(Deoo-Medroh 40 ma npr mL 




Knee joint 


30 to 60 mL (for 


18, 20, or 


5 to 7 mL of 1 percent 


2 to 3 mL betamethasone 


300 to 450 




aspiration), 


22 gauge 


lidocaine or 0.25 or 


sodium phosphate and 






lU mL \lOT 


1 C !r«^k4> 

i.j incHT 


0.5 percent bupivacaine 


acetate 












or 












z lo J mL meinyipreonisoione, 


4UU to OUU 










hu mg per mL 




Pes anserine 


5 mL 


25 gauge, 1 inch 


2 mL of 1 percent lidocaine 


1 mL betamethasone sodium 


150 


bursa 






or 0.25 or 0,5 percent 


phosphate and acetate 










bupivacaine 


or 












1 mL methylprednisolone, 


200 










40 mg per mL 




lliotibial band 


5mL 


25 gauge, 1 inch 


1 to 2 mL of 1 percent 


1 mL betamethasone sodium 


150 








lidocaine or 0.25 or 


phosphate and acetate 










0.5 percent bupivacaine 


or 












1 mL methylprednlsolone. 


200 










40 mg per mL 




Prepatellar 


20 to 30 mL (for 


18 or 22 gauge. 


2 mL of 1 percent lidocaine 


1 mL betamethasone sodium 


150 . 


bursa 


aspiration). 


1 or 1.5 incht 


or 0,25 or 0.5 percent 


phosphate and acetate 






5to 10mL (for 




bupivacaine 


or 






injertion) 






1 mL methylprednisolone, 


200 










40 mg per mL 





*— Other preparations such as triamcinolone (Aristospan) or dexamethasone may be used. 

^—For aspiration of large effusions, a hemostat is needed to immobilize the needle when removing the syringe to empty it A hemostat 
also is used to stabilize the needle when changing the syringe to inject after aspiration. The larger bore needle is used for aspiration. 



stabilization, the hip is flexed 30 to 50 degrees 
and the knee is flexed 60 to 90 degrees. 

Palpation of Landmarks, The greater tro- 
chanter is identified by palpating the femur 
from the mid-shaft proximally until the area 
of bony protrusion is reached. The injection 
site is the point of maximal tenderness or 
swelling. 

Approach and Needle Entry. At the area most 
tender or swollen to palpation in the region of 
the greater trochanter, a 22- or 25-gauge, one 
and one-half-inch needle is inserted perpen- 
dicular to the skin (Figure 1). In very obese 
patients, a longer needle may be required. The 
needle should be inserted directiy down to 
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Hip and Knee Injections 




FIGURE 1. Greater trochanteric bursa Injec- 
tion. The needle is inserted perpendicular to 
the skin and direaed down to the point of 
maximal tenderness. 



bone and then withdrawn two to three mil- 
limeters before injecting. 

Knee Joint 

ANATOMY 

Two functional joints, the femoral-tibial 
and the femoral-patellar, make up the knee. 
Primary stabilizers of the knee are the anterior 
and posterior cruciate ligaments, the medial 
and lateral collateral ligaments, and the capsu- 
lar ligaments. 

INDICATIONS 

Indications for aspiration include unex- 
plained effusion, possible septic arthritis,'^andv 
relief of discomfort caused by an effusion.** 
Indications for injection include cortico- 
steroid delivery for advanced osteoarthritis 




FIGURE 2. Lateral knee joint injection. Entry 
should be in the soft tissue between the 
patella and femur. 



and other noninfectious inflammatory arthri- 
tides such as gout or calcium pyrophosphate 
deposition disease, or the delivery of viscosup- 
plementation therapy.*^"" Viscosupplementa- 
tion preparations such as hylan G-F 20 (Syn- 
vise) come with prefiUed syringes and are used 
to treat the pain of knee joint osteoarthritis. 
Viscosupplementation and corticosteroid 
therapies are not used concomitantly. 

TIMING AND OTHER CONSIDERATIONS 

The use of intra -articular corticosteroids is 
reserved for patients with more advanced dis- 
ease and after other modalities have been 
tried. Aspiration for suspected septic arthritis 
must be performed immediately. 

TECHNIQUE 

See Table 1 for a list of pharmaceuticals and 
equipment. 

Position of Patient, The patient is in the 
supine position with the knee slightly flexed 
with a pillow or roUed towel in the popliteal 
space. 

Palpation of Landmarks. Identify the 
medial, lateral, and superior borders of the 
patella. 

Approach and Needle Entry, There are many 
different techniques for aspirating or injecting 
the knee. These include medial, lateral, and 
anterior approaches. Each has its own merit, 
but choice of approach is dependent on 
physician preference. The lateral approach is 
most commonly used and is illustrated here 
(Figure 2), For this approach, lines are drawn 
along the lateral and proximal borders of the 
patella. The needle is inserted into the soft tis- 
sue between the patella and femur near the 
intersection point of the lines, and directed at a 
45-degree angle toward the middle of the 
medial side of the joint. Before injection or 
aspiration, local anesthesia with lidocaine 
(Xylocaine) should be obtained. Always use 
sterile technique. Intra-articular injection flow 
should be even and without resistance. 

For the medial approach, the needle enters 
the medial side of the knee under the middle 
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FIGURE 3. Per anserine bursa injection. The 
needle is inserted perpendicular to the tibia 
Into the point of maximal tenderness. 

of the patella (midpole) and is directed toward 
the opposite patellar midpole. In the anterior 
approach, the knee is flexed 60 to 90 degrees, 
and the needle is inserted just medial or lateral 
to the patellar tendon and parallel to the tibial 
plateau. This technique is preferred by some 
physicians for its ease of joint entry in 
advanced osteoarthritis. However, the anterior 
approach may incur greater risk for meniscal 
uijury by the needle. 

Pes Anserine Bursa 

ANATOMY 

The pes anserine bursa is located between 
the medial collateral ligament and the sarto- 
rius, gracilis, and semitendinosus tendons. 
The bursa is located distal to the joint line in 
close proximity and posterior to the medial 
collateral ligament. 

INDICATIONS 

Direct trauma or repeated friction over the 
bursa can lead to inflammation. When the 
bursa is inflamed, contraction of the hamstring 
muscles, rotational movements of the tibia, and 
direct pressure over the pes anserine bursa usu- 
ally will produce pain. The pain is in the poste- 
rior medial aspect of the knee distal to the joint 
space. This condition is more commonly seen 
in middle-aged or older overweight women, 
many with osteoarthritis of the knee.*^ 




FIGURE 4. Iliotibial band injection. The needle 
is inserted at the point of maximal tenderness 
in the region of the lateral femoral condyle. 



TIMING AND OTHER CONSIDERATIONS 

Injection in this condition often is per- 
formed early in the course of treatment rather 
than after a trial of other modalities. 

TECHNIQUE 

See Table 1 for a list of pharmaceuticals and 
equipment. 

Position of Patient. The patient is in the 
supine position with the knee slightly flexed. 

Palpation of Landmarks. Identify the tendi- 
nous border of the medial thigh muscles and 
follow them across the joint line to their inser- 
tion at the pes anserine. 

Approach and Needle Entry. The needle is 
inserted perpendicular to the tibia into the 
point of maximal tenderness (Figure 3). The 
needle is gendy guided down to the bone and 
then withdrawn two to three millimeters to 
perform the injection. 

Iliotibial Band 

ANATOMY 

The iliotibial band originates at the lateral 
iliac crest and inserts on the lateral proximal 
tibia. Gerdy*s tubercle (sometimes called the 
lateral tubercle of the tibia) is a prominence of 
the anterior surface of the lateral condyle and 
is easily palpated just lateral to the distal por- 
tion of the patellar tendon. 

INDICATIONS 

Iliotibial band syndrome is a disorder of 
pain and degenerative changes that occurs as 
the iliotibial band repeatedly rubs over the 
prominence of the lateral femoral condyle. It 
is seen in activities with repetitive flexion and 
extension of the knee, such as running,'**" 
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Diagnosis is made by elicitation of tenderness 
over Gerdy s tubercle or the lateral femoral 
condyle. Ober*s test is performed with the 
patient lying on the unaffected side. The 
affected hip is abducted against gravity, and 
the knee is flexed to 90 degrees with the knee 
and distal leg supported by the examiner's 
forearm and hand. The knee is then released. 
In a contracted iliotibial band, the knee does 
not drop with gravity. 

TIMING AND OTHER CONSIDERATIONS 

Injection is a later modality performed after 
a program of stretching of the Qiotibial band, 
strengthening of the hip abductors, and mod- 
ification of activity.^**'^* 

TECHNIQUE 

See Table 1 for a list of pharmaceuticals and 
equipment. 

Position of Patient The patient is placed in 
the lateral recumbent position with the knee 
flexed 20 to 30 degrees. 

Palpation of Landmarks. Along the lateral 
thigh, foUow the course of the iliotibial band 
across the femoral condyle to its insertion at 
Gerdy s tubercle. 

Approach and Needle Entry. The needle is 
inserted at the point of maximal tenderness in 
the region of the lateral condyle (Figure 4), 

Prepatellar Bursa 

ANATOMY 

The prepatellar bursa is located between the 
skin and the anterior surface of the patella, 
making it vulnerable to direct trauma. 

INDICATIONS 

Bursitis is manifested by swelling and ten- 
derness anterior to the patella and can be the 
result of acute trauma.^^*^^ Chronic prepatellar 
bursitis is more common than an acute 
episode and usually is the result of repeated 
episodes of microtrauma." In the evaluation 
of a patient with prepatellar bursitis, the 
physician should be aware of possible under- 
lying infection, fracture of the patella, or an 



associated intra-articular injury of the 
j^gg 25.26 Bursitis-related prepatellar swelling 
must be differentiated from an intra-articular 
efifusion. Aspiration of an inflamed bursa can 
be performed for relief of discomfort associ- 
ated with a bursitis. If the symptoms of 
prepatellar bursitis are recurrent, cortico- 
steroid injection may be performed. 

TIMING AND OTHER CONSIDERATIONS 

Aspiration of the prepatellar bursa may be 
performed acutely for relief of swelling and dis- 
comfort. Corticosteroid injection can be per- 
formed in cases of chronic or persistent bursitis 
after a trial of more conservative therapy. 

TECHNIQUE 

See Table 1 for a list of pharmaceuticals and 
equipment. 

Position of Patient. The patient is placed in 
the supine position with the knee resting in a 
comfortable position. A small pillow may 
be placed under the knee for comfort and 
support. 

Palpation of Landmarks. The area over the 
patella is palpated for fluctuance. 

Approach and Needle Entry. Aspiration and 
injection are performed by placing the needle 
directly into the fluid-filled bursa from the 
side (Figure 5). Before injection with a corti- 
costeroid, fluid should be aspirated from the 




FIGURE 5. Prepatellar bursa injection. Entry is 
directly into the fluid-filled bursa, approached 
from the side. 
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bursa. If injecting, a hemostat is used to hold 
the needle in place while changing the syringe. 

Follow-Up 

Following aspiration of the prepatellar 
bursa, a pressure dressing should be applied, 
and the patient should remain in the supine 
position for several minutes. Following injec- 
tion, the joint or injected region may be put 
through passive range of motion. The patient 
should remain in the office for 30 minutes 
after the injection to monitor for any adverse 
reactions. In general, patients should avoid 
strenuous activity involving the injected 
region for several days. Patients should be cau- 
tioned that they may experience worsening 
symptoms during the first -24 to 48 hours 
related to a possible steroid flare, which can be 
treated with ice and nonsteroidal anti-inflam- 
matory drugs. Patients should be instructed 
against the application of heat. A follow-up 
appointment should be scheduled within 
three weeks. 

The authors indicate that they do not have any con- 
flicts of interest. Sources of funding: none reported. 
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Small-scale systems for in vivo 
drug delivery 

David A La Van^ Terry McGuire^ 8c Robert Langer^ 

Recent developments in the application of micro- and nanosystems for drug administration Include a diverse range of new 
materials and methods. New approaches Include the on-demand activation of molecular interactions, novel diffusion-controlled 
delivery devices, nanostructured *smart' surfaces and materials, and prospects for coupling drug delivery to sensors and 
implants. Micro- and nanotechnologies are enabling the design of novel methods such as radio-frequency addressing of 
Individual molecules or the suppression of immune response to a release device. Current challenges include the need 
to balance the small scale of the devices with the quantities of drugs that are clinically necessary, the requirement for more 
stable sensor platfortns, and the development of methods to evaluate these new materials and devices for safety and efficacy. 
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Drug delivery systems have already had an enormous impact on med- 
ical technology, greatly improving the performance of many existing 
drugs and enabling the use of entirely new therapies. Efforts lo minia- 
turize drug delivery devices from the macrcscale (>l mm) to the 
microscale (1 00-0.1 jim) or nanoscalc ( lOO-l nm) ultimately prom- 
ise integrated systems that combine device technology with therapeu- 
tic molecules (small molecules, nucleic acids, peptides, proteins) to 
allow the creation of implantable devices that can monitor health- 
status and provide prophylactic or therapeutic treatment in situ. At 
present however, these efforts are constrained by several technologi- 
cal barriers. 

New technologies and approaches arc needed to manufacture 
devices that can deliver otherwise insoluble, unstable or unavailable 
therapeutic compounds, to reduce the amount of those compounds 
used, to localize the delivery of potent compounds, and to improve 
compliance by reducing the chances of missing or erring in a dose. 
From a logistical standpoint, devices must also not be so small that 
they arc incapable of delivering the many drugs that require doses of 
microliters or more. 

Currently, a typical dose of a potent drug is usually tens to hundreds 
of micrograms. For example, the adult EpiPcn used to treat anaphylac- 
tic shock delivers an injection of 300 ^g of epinephrine. Fentanyl. a 
powerful narcotic widely used for anesthesia and analgesia, is given in 
'25 ng doses for a typical 50-kg adult. Drugs rfiat are delivered in con- 
siderably larger quantities include common antibiotics, such as peni- 
cillin and ai-noxillin, which are typically given in doses exceeding 1 g/d 
for adults. Reducing scale quickly diminishes the volume available. A 
device that contains a reservoir that is a cube I mm on a side contains 
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a volume of 1 ^1, a cube 100 on a side holds 1 nl and a cube 10 ^m 
on a side holds 1 pi. 

To some degree, the limited capacity of small-scale delivery tech- 
niques may be remedied by using them in conjunction with larger 
reservoirs (in the microliter or milliliter range) or by relying on 
arrays of devices or compartments to provide sufficient volume. In 
addition, drugs, as currently prescribed, often contain carriers, fla- 
voring agents, binders and coalings that may be unnecessary with 
more advanced delivery methods. Improvements in delivery effi- 
ciency and localization may also provide a solution to the capacity 
dilemma by reducing dosages. 

The term *small-scale* in the title of this article rcflecU the interdis- 
ciplinary and scale-bridging nature of the field— chemistry, xnicrofab- 
rication, biology and medicine all converge, each with their own sense 
of what is small. Classical divisions of macroscale, microscale and 
nanoscale are not necessarily helpful in describing and comparing 
drug delivery methods. Moreover, the literature does not provide a 
consistent distinction between micro technology and nanotechnology. 
Some authors choose the size scale of 100 nm as the dividing line; 
others emphasize the nature of the synthesis — *top down' or 'bottom 
up*. Macro- and microscale fabrication is often considered a top-down 
process: the material is ^bricated into its fmal shape from a larger 
piece through the removal of unwanted regions by machining or 
etching. Bottom-up synthesis, a term largely used to describe nano- 
technology, refers to synthesis based on atom-by-atom (or molecule- 
by-molcculc) assembly of structures. Silicon microfabrication, such as 
the methods used to produce the latest generation of computer 
processors, is still mostly a top-down process, with a minimum feature 
size of 130 nm, although ongoing advances in lithography will soon 
permit feature sizes below 100 nm. 

In this article, we highlight some of the current micro- and nano- 
technologies for drug delivery, with a brief discussion of the 
background, challenges and recent progress for each method. The 
discussion is organized by fundamental technologies, rather than 
by scale. The topics covered include targeted delivery of devices, 
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Figure 1 Multlwell silicon-based drug-release device. From ref. 10. 
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nanoparticles, field activation (remote control) of molecular interac- 
tions, difFusion-controIied delivery devices* nanostructured smart 
surfaces and materials, and the biocompatibility of these devices. 
Viral vectors arc not considered in the brief discussion of gene deliv- 
ery, which focuses on synthetic methods; nor are microneedles and 
transdermal methods covered. Particles and liposomes for drug 
delivery are discussed only in the context of technologies for targeted 
delivery. Nanotubes and nanowires are also excluded — although they 
offer unusual capabilities for sensing and delivery, there is as yet rela- 
tively little published work in this area related to drug delivery. 
Several reviews on related topics provide useful perspectives for an 
interested reader'"'. As a long-term goal for small-scale drug delivery 
technologies is to develop methods that can autonomously treat 
diseases, we also consider the implications of recent advances in 
drug administration for future, more ^intelligent' and possibly 
autonomous systems. 

Microfabricated devices 

Many types of implantable controlled delivery devices are in various 
stages of production and clinical evaluation. These devices have been 
designed to release drugs at various dosages and for both intermittent 
and continuous delivery. They are designed to operate for short peri- 
ods (days) or for extended periods (-1 year); some can be refilled dur- 
ing use and others are not designed to be refilled. 

One lypc of design incorporates multiple sealed compartments, 
which are opened on demand to deliver a dose of a drug'^ (Fig. 1). 
Another approach is to use microscale pumps and valves that meter 
delivery from a larger-scale reservoir^ ^ For each of these approaches, 
cost, stability, biocompatibility and long-term dinctionality are all 
being studied. As these devices are generally made by micromachining, 
it should not be difficult to add intelligent control systems. 

If the devices are small enough to be ingested, then the ability to tar- 
get them to certain tissue types, such as regions of the intestine, pro- 
vides an opportunity to improve oral drug delivery. For example, 
lectin- modified mucoadhesive liposomes bind in high numbers to the 
wall of the intesline'-. Other types of polymer particles have also been 
made to target drugs to the intestinal walP^'*'*. This approach has been 
extended to small-scale devices in the shape of free-floating drug 
delivery 'patches* that adhere to the mucosal membrane in the intes- 
tine, shielding the drug from luminal proteolytic enzymes'*. A similar 
method uses discs fabricated from carboxymethylcellulose that are 



coated on several sides with a less permeable ethylccilulose to deliver 
model drugs by adhering to the mucosa! membrane in the intestine, 
thereby protecting the drug from degradation during absorption'^. 

To consider injecting or otherwise targeting micromachincd 
devices for drug delivery in the body, they must be smaller than the 
thickness of most silicon wafers ('^500 mm). The scale of current 
microdevices produced with integrated circuit fabrication tech- 
niques is limited by the thickness of the wafer they are made on. To 
overcome this barrier, 'off-wafer' methods are being developed in 
which very small (10-100 ^im) devices are made on wafers and then 
released to float freely by dissolving a 'sacrificial* layer. This 
approach is intriguing because the current capabilities of top-down 
micromachining are used to break through the size barrier inherent 
in wafer thickness. Self-assembled, or bottom-up, devices have not 
yet shown the same level of functionality. As their scale decreases, 
drug delivery devices may be delivered by ingestion (*1 mm), 
injected into tissue (<200 ^m), inhaled (<100 ^.m) or even released 
into circulation (<I0 \im). One example is seen in off-wafer devices 
(~100 \Lm) that have been micromachined from poly(methyl- 
methacrylate) (PMMA) to create mucoadhesive particles contain- 
ing a small well designed to carry a drug payload to the wall of 
the intestine'^ 

Although it is difficult to control the delivery rate of compounds 
given orally, whether in conventional formulations or in the newer 
mucoadhesive devices, it has been shown that liposomes containing 
iron oxide nanoparticles bind with higher affinity to the Peyer's 
patches in the intestinal wall when administered along with an exter- 
nal magnetic field'^. This type of approach may provide a way of con- 
trolling the mean clearance times of particles or devices, and thereby 
the amount of drug absorbed. 

A more fundamental approach to in vivo drug delivery would be on- 
demand synthesis of a desired molecule. This type of device, though 
farther firom application, has great flexibility in that therapeutics (such 
as proteins or peptides) could be synthesized as needed, either in a 
scaled-down version of a chemical synthesizer or by 'programming' 
captive cells with the appropriate DNA to generate the compound of 
interest. Programmable systems for cliemical synthesis on demand 
may incorporate advances in microfluidics. Microfluidic devices have 
been developed for tissue engineering" and drug delivery*. These sys- 
tems benefit from reliable valves and pumps^^^ Complex multilevel 
devices capable of carrying out 144 parallel reactions to explore protein 
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Figure 2 Results of in vitro release with 30 mg of a drug in powder form over 100 days {graph courtesy of Debiotech). 



crystallization for drug development have been demonstrated^* and 
provide a glimpse of the potential of this approach. For example, such 
systems promise precise control of the crystal structure and hence the 
bioavailability of the synthesized drug. 

Poly(dimethylsiloxane) (PDMS) is a common material for the pro- 
duction of soft microfluidic devices^^*^^ This material is easy to work 
with, and it is rubbery, which is a good property for many in vivo appli- 
cations. However, it has low toughness, which can make it difficult to 
handle, and it lacks biodegradability, a property which can be of inter- 
est for drug delivery. Other elastomers" may be well suited for the 
development of degradabte mtcroBuidic devices. Of course, rigid 
materials such as silicon^* and glass^* have been in use for several 
years, and nondegradable devices coupling soft and rigid materials 
have also been designed-''^". 

Chambers 

Diffusion chambers holding a cargo of drugs or cells and scaled with a 
semipermeable membrane haVc been used as research tools for more 
than 70 years^'"^'. Micro- and nanofabricated membranes in these 
devices allow greater control of the dose profile and, in the case of 
nanoporous membranes, permit the suppression of aspects of the 
immune response. In addition, the microfabricated devices can 
include circuitry to control or measure the dose rale and/or other con- 
ditions inside the chamber. Whereas the earliest approaches relied on 
filter membranes with pore sizes of 0.4 ^m or larger, newer work has 
led to devices with pore sizes as small as 20 nm (ref. 32); such systems 
are discussed ftirther below. 

Drug-releasing chambers. A diffiision device with a semipermeable 
membrane to control the release rate (diffusion rate) from the cham- 
ber'^ is shown in Figure 2. Some diffusion chambers are designed to 
deliver more than one drug'^. The utility of diffusion chamber-based 
release methods has been demonstrated for a wide range of diseases, 
including diabetes-^^*^* and cancer^", and for a range of target sites, 
including the inner ear*', spinal cord***, eye*' and brain*^. 

Potent drugs can be delivered for extended periods using diffusion- 
controlled implanted lubes. Unlike diffusion chambers, which have a 
large membrane surface area compared with the reservoir volume for 
fairly fast release rates, lubes rely on a narrow aperture to provide a 
slow delivery rate and are usually designed for long-term release of 
highly potent drugs, with release times on the order of years. Five- 
year-duration birth control implants based on elastomeric tubes are a 



notable example of this approach^^ A newer approach using a tita- 
nium tube implant to deliver leuprolide acetate over a period of 
1 2 months^^ has also recently been approved (Fig. 3). 

Cell chambers. In vivo cell chambers offer a method for using iso- 
lated colonies of cells in research and in drug deliver/*. Xenograftcd 
and genetically engineered cells can manufacture therapeutic com- 
pounds within the chamber while the chamber keeps the cells physi- 
cally isolated fr'om the rest of the body and its immune system. CcU 
chambers have been used to produce compounds such as erythropoi- 
etin''^, insulin^^*^** and interferon a^^ They have also been used to con- 
tain cancer cells to stimulate natural cancer- fighting mechanisms*'*. 
Although such systems have been effective in partitioning celts away 
from deleterious host cellular immune responses, they often have not 
excluded humoral immune system components, such as IgG*'. In this 
respect, finer membranes (with lOO-nm pore size) that reduce access 
of some immune system components were an improvement over the 
earlier devices^'. More recently, micromachined membranes with con- 
trolled pore sizes of -10 nm have been shown to exclude undesirable 
immune complexes more effectively*^ while permitting reasonably fast 
release of the desired compound from the chamber. 

Another issue in the development of implantable cell chambers con- 
cerns the supply of adequate nutrients to the encapsulated cells^'*. One 
approach to address this is hybrid chambers that supply oxygen by 
electrolysis of water". Another approach is to generate oxygen by elec- 
trolysis and to remove the unwanted protons produced by ion 
exchange*^. 

Nanoparticles 

Nanoparticles are already in use in several areas of drug delivery and 
cosmetics. Usually smaller than 100 nm, they are made by forming 
nanocrystals or drug-polymer complexes^* or by creating nanoscale 
shells (such as liposomes) dial enuap drug molecules. Nanoparticles 
have unusual properties that can be exploited to improve drug deliv- 
ery. Because of their fine size, they are often taken up by cells where 
larger particles would be excluded or cleared from the body. Small 
molecules, peptides, proteins and nucleic acids can be loaded into 
nanoparticles that are not recognized by the immune system^^ and 
that can be targeted to particular tissue types. Recent .strategies 
include the use of poly{ ethylene glycol) (PEG) to increase circulation 
time'^ as well as the use of PEG in competition with binding groups 
to reduce nonspecific attachment or uptake^^ Multiple targeting 
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Figure 3 Tweive-month-release leuprolide acetate implant. 4 mm in 
diameter by 45 mm long. The titanium implant holds 74 mg, (Illustration 
courtesy of Alza Corp.) 



moieties have been coupled to individual particles, such as the combi- 
nation of a receptor- mediated endocytosis peptide and a nuclear 
localization signal peptide for two-step nuclear delivery^^ Another 
new strategy is to target liposomes and naiioparticles to short-lived 
targets, such as radiation-induced neo-antigens formed in tumors 
during irradiation treatment^*. 

Aerosol delivery is a way ro carry particles into the deep tissue of the 
lungs where they are quickly absorbed. Optimizing the size and density 
of the particles improves delivery efficiency*'''*®. Advantages of aerosol 
delivery include elimination of the discomfort and stigma of frequent 
injections. Recent work has shown that nanopartides can be incorpo- 
rated into micron-sized, porous carrier particles**' for aerosol delivery, 
combining the ease of aerosol delivery and the bioavailability of the 
nanoparricles released from the larger particle in tlie deep lung tissue. 

Much effort has gone into developing polymeric nanopartides^^ 
and liposomes for tlie delivery of genes, as well as other nonviral gene 
delivery methods such as the gene gun^^. Synthetic vectors present 
promising alternatives to viral delivery for economic, manufacturing 
and safety reasons^. One example is pH-sensitive nanopartides that 
remain intact until they have been taken up by a cell, and then, under 
low-pH conditions, quickly degrade and release their payload^'^'^. 
Cationic polymers that arc salt and serum stable and have bioactive 
functionalities to enhance intracellular trafficking offer increased sta- 
bility and delivery efficiency**. Recent work that has compared 
libraries of unique degradable polymers found many that transfected 
more efficiently than conventional systems, such as poly(ethyl- 
eneimine)*''. Other work has focused on modifying poly(ethyl- 
cneiminc) to improve transfection efficiency and reduce the 
toxicity^°. Another approach is to complex plasmid DNA with stearyl- 
poly(L'lysine) and low-density lipoprotein. This triplex transfects 
more efficiently, with longer-duration protein expression, than naked 
plasmid alone^^ 

Another focus of research is the fabrication of metal and metal oxide 
nanopartides with antimicrobial activity. Metal ions have been in use 
for some time as antimicrobial agents: mercury was used, ineffectively, 
iigainst the Black Plague in Europe, and arsenical compounds were 

used, more effectively, against syphilis at the turn of the 20^ century. 
The use of antimicrobial formulations containing zinc, cadmium. 
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Figure 4 RF activation of DNA hybridization, (a) Molecular structure, 
(b) Optical absorbance at 260 nm measured as ONA-nanoparticie 
conjugate and a bare DNA construct are exposed to RF field. From ref . 88. 



zirconium or tin salts mixed with polymers dates back to the 1960s^^. 
Polymer particles containing metal^^'^"* were made in the early 1990s 
and, more reccndy, there has been much work on metal-oxide'^ and 
silver nanopartides^*'^' formed either from solution phase'' or in situ 
on a surface'*. Early work had shown that the effectiveness of silver 
against bacteria depends on it being both available and in a soluble 
form"'". A comparison of a silver salt (silver nitrate) and a silver 
chelating agent (silver sulfadiazine*"*) revealed that they arc equally 
effective'^ and are both significantly more effective than silver ions 
formed electrochemically'®, which are believed to be not particularly 
bioavailable. It is interesting to note, however, that there have been 
reports of silver- resistant Escherichia coli infections*'. Although the 
antimicrobrial agents may be new, the lessons of antibiotic resistant 
infections should not be ignored. 

Strategies for making 'smart* devices 

Smart delivery systems allow real-time control of drug dosage according 
to alterations in chemical and physiological status. In general, two main 
approaches are used to control the delivery of a drug to a target tissue: 
activation of molecular interactions using light, radiofrequency (RF) or 
ultrasound energy, and systems comprising materials with release kinet- 
ics that can be modified by an external stimulus. 

Activation of molecular interactions. Strategies to control drug 
delivery by activating molecular interactions on demand have used 
various external energy sources, such as light, RF or ultrasound. For 
some time, RF- and ultrasound-mediated local heating (hyperther- 
mia) has. been studied as a means of treating cancer''^''^ Recent work 
has focused on miniature ferromagnetic seeds**^***' and rods^ that can 
be injected into a tumor to concentrate the heating effect with mini- 
mal discomfort. Ferromagnetic materials are chosen with a Curie tem- 
perature slightly above body temperature so that these devices have a 
self-regulating behavior. Ferromagnetic microparticles"' and super- 
paramagnetic nanopartides^^ have been developed to target particular 

tissue types and can be used not only as a means of targeting thermal 
treatment, but also as a magnetic resonance imaging contrast agent. 
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There is a growing body of knowli^djge about the bfocqmpatlbftij^ ' 
of small-scale drug delivery devices arid;materials*30^i3S; jfi-g ; 
literature offers many lessons in how to reduGe* and potentially 
. avoid, adverse immune responses. There is also aii extensive body 
of knowledge concerning macroscale I nri plant materia ^^^^^ 
of pacemakers, artificial hips and iKnees, . and other ihiplan&ble ; : . 
medical devlces^^^'^^^ A search engine admin istere^^^^^^ ' . 

US Food and Drug Adm in isti'ation (FDA; Rocky ille,^^^^^^ 
USA) links to a database of adopted; consensus^ -'^^^^.z- 
testing methods ahd materiaiyfo^ 

a good starting i30l nt for. qu^tipns;(elat^ > ; " ^ 

(www.accessdataJda;gov/scf^ 

cfhri); the US Envirorimental Pl^tectlbn Aigen^^^^^^^ vifeSHingtonr^ 
DC)' Is' currently soliciting priDipqsits to eValuate^he im -y^ 
"of manufactured nanomalenais on huriian h^lth aW^^^^^^^^ . .v,:, , 
environment;: these projects should provide additional ir^giht 
Into this issue. 

Current implants (e.g., pacerhakers) are encased in a liquid- 
tight housing that isolates the mechanisms, batteries ani^' soV . 
forth from the m wVo environment. In these devices, most working 
parts are protected frprn contact with body iflu ids; J rt^^^^^ 
to macroscale devices, many micro- and ;nan6^^^^ 
are designed aVioff-waterpr barerdie dey /; 
wafier they wer^ fabricated on; WUhou^^^ 'paCkVgini)& 
mai htairi a smalt' irnp"lant size/ BarJe^a/e^^tf^ 
becausie the common materials, used - in their m icr^ : ; ■ i ; 

have not been used for applications in which they are wetted by . : 
body fluids. Several studies assessing reactions to Iniplanted; 
bare-die silicon devices have concluded, how^yerpthat silicon 
and related materials have adequate bidcompatlbility^ 

These studies also raise concerns about nnateHal stability/ such 
as film delamination*3® and the dlssoiutlpn of protective layers of 
gold^^^ and silicon oxide (Si02)^^^r Recent work has focused on 
characterizing tissue reactions to 500-pjm-thlck, 5 nimcx 5 mm 
bare-die and coated samples implanted'for pj^ribds upto 6^ 
A fibrous reaction is expected to encap5ulatiei'fi;^eigri impjants.; V - • 
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Localized heating may also be used to modify the release kinetics 
of locaLly delivered or targeted drug particles, thus amplifying the 
benefit of the thermaJ treatment. Recent work at the molecular scale 
has shown that coupling of nucleic acids^^ to nanopartide 'antennas' 
in a high-frequency RF field can induce localized heating (essentially 
of only those molecules in intimate contact with the nanopartide) 
capable of opening nucleic acid conjugates or activating proteins 
(Fig. 4)^'. The ability to use an externally applied RF field to change 
the conformation of DNA opens the possibility that these nanosys- 
tems could be used to regulate mRNA and consequently control pro- 
tein production on demand. Similarly, changing the activity of an 
enzyme with an RF field could permit the inhibition, or increase the 
production, of other proteins. The challenge remains tu perfect these 
methods for mi vivo use. 

Smart surfaces and materials. Controlled release of drugs from 
degradable polymers is well known, and newer classes of materials are 
under development, including some whose release rate can be changed 
in vivo. The latter offer opportunities for designing programmable 
release devices if the release kinetics can be modified by an external 
stimulus. One such class of materials is hydrogels, polymers that form 



three-dimensional, highly hydrophitic networks that can incorporate 
compounds within the permeable structure. When exposed to water, 
hydrogels swell but do not dissolve. Their ability to absorb and release 
drugs can be tailored by modifying their molecular design. Several 
types of hydrogels have been reported, including those that are sensi- 
tive to specific antigens^**, are formed from peptide structures'**^^, dis- 
solve with an applied charge'^ or reversibly swell with an applied 
charge^. Each of these properties provides a way of regulating the rate 
of drug release from the hydrogel matrbc or from a reservoir or chan- 
nel covered by the hydrogel. 

A useful feature of some hydrogels is their reversibility, which can be 
exploited in the form of an implant whose permeability changes in 
response to the local environment without an external control system. 
Although hydrogels are not programmable, they do serve to link sens- 
ing with drug delivery. Currently, the most direct means of doing this 
seems to be hydrogels that swell or shrink after exposure to enzymes^' 
or antigens"*. 

Another technology that is likely to advance the development of 
programmable, or feedback- controlled, in vivo drug delivery devices 
is nanostructured *smart* surfaces. Combining a smart surface or 
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membrane with an otherwise diETusion-controlled delivery device 
permits the release rate to be regulated by changing the permeability 
of the membrane. Switchable surfaces and membranes can be con- 
trolled by light'*'*', heath's-''. pH'00«>o» and redox and ampcromctric 
reactions"^^ For some of the materials, the slate (or phase) is 
reversible, whereas for others it is set once. Drug delivery devices that 
allow control of the dose rale have been based on electrophoresis 
diffusion-controlled hydrogels''*'^"'''^^* and thermally switchable 
materials*°^''®^ An electrically controllable surface would provide a 
direct method to switch release rates. A recently described method 
uses !-nm-tall self-assembled monolayers that change conformation 
with charge and. as a result, reversibly change from a hydrophobic to 
hydrophilic state with small alterations in charge 

Coupling drug delivery to sensors and other Implants 

One of the long-term goals for in vivo drug delivery is to couple smart 
drug delivery devices to other Implants, such as biosensors, pacemak- 
ers and stents. To dale, a limiting step in the creation of feedback- 
controlled drug delivery systems has been the development of stable 
sensors. Many of the carJy projects to integrate drug delivery with 
sensing focused on the treatment of diabetes, with systems to sense 
blood glucose levels and release insulin in response' Unfortunately, 
no fully automatic long-term in vivo system has been brought to mar- 
ket because of stability problems with in vivo glucose sensors'". 
Other types of electrochemical sensors, such as ones to measure 
mixed venous oxygen pressure, have functioned in vivo for as long 
as 4 years''-. 

An ideal i'm vivo drug delivery system would be able to determine 
when and if a dose was needed and then deliver it automatically. To do 
this, sensors are needed to monitor physical or biochemical condi- 
tions. Robust KF pressure sensors based on battery-powered designs 
that can function in vivo for 4-6 months have been used for several 
years" ^ Other approachjfs to in vivo sensing are also based on-devices 
that rely on energy harvested from remote sources. Remotely powered 
and passive sensors can operate for extended periods (indefinitely, if 
evaluated solely on the basis of power) and can be made smaller than 
battery-powered devices. Several types of wireless or passive sensors 
that harvest RF energy^ \*-iio j^e being developed for applications such 
as measuring intraocular' '^. intracranial and arterial' '^-^ '* pressure. 

RF is not the only source of energy available; another in vivo pres- 
sure sensor uses energy harvested from ultrasound'^', which pene- 
trates tissue more deeply than does high-frequency RF. Another 
alternative to RF is in vivo energy generation by a glucose- driven fuel 
cell'", which offers the potential for very high energy densities. 
Batieryless and wireless sensing is a good way to dose the loop with 
drug delivery, as the energy harvested to operate the sensor could just 
as easily be applied to operate a drug delivery device, and the lack of 
batteries means that these devices could function for extended periods 
and have fewer safety concerns. 

The coupling of drug delivery to sensors is only one aspect of the 
linkage of in vivo drug delivery to hardware. There are many medical 
devices implanted each year, and each of them could be viewed as a 
potential platform for providing local drug delivery Although not 
based on micro- or nanotechnologies, drug-coated stents seem to be 
very elfeaive in delivering drugs directly at the site of implanta- 
tion*""'-' to substantially reduce the risk of restenosis. 

Conclusions 

Although some of the technologies described above, such as cosmetic 
formulations with nanopanides and several diffusion-based delivery 
devices, are in use or are being evaluated in clinical trials, new materials 



and the devices based on them will require thorough testing to evalu- 
ate both safety and efficacy before clinical use (see Box 1 ). Micro- and 
nanotechnologies are changing the way drug delivery is being 
approached, offering new ways to deliver drugs effectively and to 
reduce overall dosage (and side effeas). 

One of the main goals of drug delivery will be to more efficiently 
target therapies to specific tissue types. This will increase drug efficacy 
by sequestering a drug where it is needed and also ensure that healthy 
tissues are spared. To accomplish this goal, further work is needed to 
verify that devices deliver drugs to the desired tissue types across large 
populations of patients. 

*0n demand' or programmable drug delivery methods offer an 
opportunity to create fiiUy autonomous systems, which, when coupled 
with sensors, could measure local concentrations of biomarkers or 
drugs and release the appropriate compound in response. Simple 
closed-loop delivery systems that measure glucose levels and release 
insulin to treat diabetes are currently being evaluated in clinical trials 
for short periods (2-3 days)^^'; new algorithms and methods are 
needed, however, as there is little experience with real-time control of 
drug delivery. These projects should help provide the systems Integra* 
tion and control algorithms that will be an important step toward fully 
autonomous drug administration. 
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Overview of the use of the 
anti-TNF agent infliximab in 
chronic inflammatory diseases 

Jurgen Braun^ & Joachim Sieper 

^RheumazEimmi Rihrgeblet, Landg^erstr. 15, 44652 Hsme, D^sartmentafRtrnmatok^, 
KJinOamBFrankHn, BeeBerUa Gennany 

Anti-Inflammatory therapy with monoclonal antibodies (mAbs) directed 
against tumour necrosis factor (TNF)-a has emerged as a major advancement 
in the treatment of various immune mediated diseases such as rheumatoid 
arthritis, ankylosing spondylitis, psoriatic arthritis and Crohn's disease. TNF-a 
seems to play a major pathogenic role In these chronic immune-mediated 
inflammatory diseases. Infliximab (Remicade*, Centocor, Inc., Malvern. PA. 
USA), a chimaeric mAb, binds to soluble and membrane bound TNF-a, but not 
to TNF-|}. Infliximab is able to effectively regulate and mediate inflammatory 
processes involved in a number of different disease states. Many clinical trials 
in these diseases have demonstrated that biological therapy with mAbs 
directed against TIMF-a is effective and relatively safe. 

Keywoids: ami-TNF-a therapy, Infliximab, monoclonal antibodies 
Expert Opin. Boh Ther, (2003) 3(1):141-168 

1, Introduction 

The pathogenic cause of most chronic inflammatory diseases is not icnown, but the 
immune system is widely believed to play a major role. The diseases c»vered by the 
term "immune-mediated inflammatory diseases'* are certainly heterogeneous, but 
It makes even more sense than in earlier days to use the term because of the central 
role of tumour necrosis factor {TNF)-a for Immune responses. Several biologies 
are known to inhibit TNF-a. Infliximab has been the first monoclonal antibody 
(mAb) produced with that ability. This review concentrates on the efficacy and 
safety of infliximab in some of the most frequent chronic inflammatory diseases: 
rheumatoid arthritis (RA). ankylosing spondylitis (AS), psoriatic arthritis (PsA) 
and Crohn's disease (CD). 

RA is thought to affect up to 1% of the population lij. and the prevalence for 
spondyloarthritides (SpA) (with their main subtypes, AS. undifferentiated SpA and 
PsA) is similar 12], CD Is less prevalent, but the total number of diagnosed cases in 
the US is estimated to be up to several hundred thousand patients, with 20 - 30% 
of cases occurring in people under 20 years of age [3|. 

Chronic inflammatory rheumatic diseases are considered highly debilitating, and 
a substantial proportion of work disability occurs among these disease groups. At 
least a third of the patients with RA, AS and PsA have severe disease [4]. Approxi- 
mately 50% of RA patients discontinue work within 10 years of disease onset 15). In 
a recent study 16), 23% of the patients in a cohort of 5054 patients had received 
Social Security disability payments, and 36% were work disabled due to RA ^mp- 
toms. A threefold increase in unemployment has been reported in patients with AS. 
In a study conducted in Canada, patients with CD lost 26.1 days/year from work on 
average, compared with 6.3 days/year for the general population 17). 

Conventional drug therapy for RA with non-steroidal anti-inflammatory drugs 
(NSAIDs). corticosteroids and disease-modifying antirheumatic drugs (DMARDs) 
are Inadequate. In comparison to RA. the situation In patients with AS Is nmre critical 
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because traditional DMARDs and systemic corticosteroids 
are less effective in this disease [8). which affects relatively 
young patients with a mean age of onset of 26 years. The 
course of AS Is variable and the burden of disease Is at least 
partly determined by the progressive stages [9]. The mortality 
of RA and AS patients has been reported to be increased, in 
severe AS as high as fourfold (10). 

Current therapies for Crohns disease, such as corticoster- 
oids and azathloprlne; Induce remission in a significant per- 
centage of patients [uj. However, some patients do not 
respond and relapses occur frequently, but not necessarily 
when treatment is completely discontinued. Corticosteroids 
work very well In the acute situation, but their prolonged use 
may lead to adverse side effects, such as Infections, fractures 
relating to osteoporosis, Cushings syndrome, undeslred 
weight gain, skin changes and other problems. 

In the past decade, anti-TNF-a therapy has emerged as an 
alternative to corticosteroids, azathloprine and other tradi- 
tional DMARDs. Infliximab (Remicade®, Centocor, Inc., 
Malvern, PA. USA), the first mAb directed against TNF-a, 
was also the first of these mAbs clinically tested. The thera- 
peutic potential of most of these mAbs has been substanti- 
ated over the past 5 years. Indeed, many clinical trials have 
demonstrated the effectiveness of mAbs in mediating inflam- 
matory disease states, for approved Indications such as RA 
and CD, and other upcoming indications such as AS and 
PsA. Infliximab, a chimaeric mAb. binds to TNF-a and 
effectively regulates and mediates the Inflammatory processes 
Involved In a number of other disease states as well. Clinical 
results using infliximab for various inflammatory and other 
diseases are reviewed In this article. The other approved antl- 
TNF drugs, etanercept and adalimumab, are not discussed in 
this review. 

2. Mechanism of action and resistance 



2.1 Role of TNF-a and mechanism of action 
of infliximab 

Soluble TNF-a Is a homotrlmer of 17 kDa subunits, which 
is secreted mainly by macrophages and activated T cells. The 
mature 17 kDa polypeptide Is derived by the proteolytic 
action of TNF-a-converting enzyme and released from the 
carboxyl-termlnus of a 26 kDa transmembrane form of 
TNF-a which Is oriented with Its amino terminus Inside the 
cell. Transmembrane TNF-a expressed on activated T cells 
has been reported to be part of the cell-cell contact-depend- 
ent signal that induces immunoglobln production by B cells. 
Transmembrane TNF<x expressed oh cloned T cells Infected 
with HIV-1 appears to be responsible for polyclonal B cell 
activation [121. Another member of the TNF family, the 
CD40 ligand, is also expressed on activated T cells and has 
been shown to activate B cells efficiently 112.13). 

Infliximab is a mAb that inhibits the biological activity of 
TNF. TNF-a has regulatory roles In a number of inflam- 
matory diseases (e.g., RA and CD) |13]. TNF-a induces 



expression of chemoklnes such as growth-related peptide-a, 
macrophage inhibitory protein-2 (MIP-Z), monocyte che- 
moattractant protein- 1 (MCP-1), Interleukin (IL)-8 and 
normal T cells. TNF-a stimulates the production of 
cytokines (e.g., IFN-y. IL-ip and IL-6 and acute phase pro- 
teins). TNF-a induces the expression of endothelial adhe- 
sion molecules (e.g., E-selectin, Intracellular adhesion 
molecule- 1 [ICAM-l] and vascular cell adhesion 
molecule- 1 [VCAM-l]). 

Infliximab Is a chimaeric mAb with murine variable regions 
and human IgCl and K constant r^ions. The size (149 kDa) 
and structure of infliximab are, therefore, similar to those of 
naturally-occurring antibodies. Infliximab binds to monomer 
subunits of human TNF-a. It is possible that by binding to 
TNF monomers, infliximab may slow or even prevent associa- 
tion of monomeric subunits of TNF forming bioactlve 
trlmeric TNF-a. Each Infliximab molecule Is capable of bind- 
ing to two TNF molecules, and up to three infliximab mole- 
cules can bind to each TNF homotrlmer, thereby blocking all 
receptor binding sites on TNF. Activation of the p55 and p75 
TNF receptors initiates intracellular signal transduction cas- 
cades which lead to cell proliferation, upregulatlon of pro- 
inflamnnatory mediators or abnormal apoptosls [12.13|. 

Taken together, TNF-a is a molecule with regulatory and 
effector functions, which Is Important for the immune sys- 
tem. Infliximab Is able to effectively block soluble and cell 
membrane bound TNF-a. 

22 Possible explanations for resistance to 
infliximab treatment 

Infliximab has been shown to be efficacious In the majority of 
patients. However, not all patients respond equally well. Many 
cases of treatment failure attributed to lack of infliximab effi- 
cacy may be at least in part explained by patient selection. 
Thus, patients who have disease states that are characterised 
by either low disease activity or advanced damage will respond 
marginally, or not at all, to anti-TNF therapy. The cellular 
and molecular mechanisms involved in TNF-a resistance to 
infliximab are speculative. Genetic differences in TNF pro- 
moters, TNF receptors, T cells, fibroblasts, antibodies and 
other cytokines such as interleuklns IL-1, IL-6, IL-12. IL-I5. 
IL-17 and IL-18, may be contributing factors. 

There are only a few studies that address the question of 
predicting response to inflbdmab therapy. In an open-label 
trial, 24 patients treated with inflbcimab for CD, all of whom 
responded 1 week after treatment, relapsed over the next 
16 weeks. Compared with patients who maintained remis- 
sion, these patients who relapsed demonstrated an increase in 
both TNF-a secretion capacity and mucosal nuclear factor 
kappaB (NF-kB), which were detected before reactivation of 
clinical symptoms |141. In another study on serological mark- 
ers, Bnti'Saccharomyces cerevislae antibodies (ASCA) and peri- 
nuclear antlneutrophll cytoplasmic antibodies (pANCA) were 
found in 279 CD patients prior to anti-TNF therapy. How- 
ever, no relationship between ASCA or pANCA and response 
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to therapy was observed. Lower response rates were observed 
for patients with refractory intestinal disease carrying the 
pANCA+/ASCA+ combination, although the difference was 
not significant (p = 0,067) |151. Taken together, no firm con- 
clusion can be drawn from these serologic data. 

3. Pharmacokinetics 



Both single-dose and repeated-dose pharmacokinetic (PK) 
characteristics of infliximab have been investigated [16). Single 
intravenous infusions of Infliximab, administered in doses 
ranging 1 - 20 mg/kg. in either CD or RA, show a predicta- 
ble, well-defined, linear relationship between the dose admin- 
istered and the maximum serum concentration {C„^). The 
clearance, volume of distribution (Vj) and terminal half-life 
(ti/2) have been shown to be independent of Infliximab dosage 
in patient subgroups based on age and weight. The median 
terminal ti/2 of infliximab Is in the range 8-10 days. The dis- 
tribution of infliximab is primarily intravascular 117]. 

The PK profile of infliximab shows consistency across dif- 
ferent demographic groups, as well as In paedlatric versus 
adult patients and among patients with concurrent diseases 
of varying severity. However, differences in clearance 
between patients based on gender or marked renal or hepatic 
Impairment have not been fully evaluated (171. With repeated 
dose administration at 4- or 8-week intervals, following an 
initial 0, 2 and 6 week induction period, no accumulation of 
infliximab has been reported [18.19]. Twenty-five per cent of 
patients with RA who received 3 mg/kg every 8 weeks had 
undetectable serum infliximab concentrations at 8 weeks, 
15% of those who received 3 mg/kg every 4 weeks had unde- 
tectable serum levels, and none of those who received 
10 mg/kg at either 4- or 8-week intervals had undetectable 
serum levels. Among patients with CD who received either 
5 or 10 mg/kg of infliximab. 20 and 12%, respectively, had 
undetectable serum infliximab concentrations at 8 weeks fol- 
lowing infusion |201. 

In combination therapy with methotrexate (MTX) (7.5 mg 
once-weekly), serum infliximab concentrations tended to be 
sllghtiy higher when administered alone. While further stud- 
ies are warranted,' MTX may affect the rate of infliximab 
clearance by reducing Its immunogenic potential [21). The 
routes of metabolism and excretion of the drug are under eval- 
uation at this time. More studies are warranted to evaluate the 
pharmacokinetics of infliximab in the elderly. 

4. Efficacy and support studies 

At present, infliximab is approved for use in conjunction with 
MTX to reduce the signs and symptoms, inhibit the progres- 
sion of structural , damage and improve physical function in 
patients with moderate-to-severe active RA who have had an 
inadequate response to MTX. The pivotal study for rheuma- 
toid arthritis, tided 'An Anti-TNF Trial in Rheumatoid 
Arthritis with Concomitant Therapy*, hereafter referred to as 



ATTRACT, was a randomised, double-blind, placebo-con- 
trolled clinical trial of anti-TNF chimaerlc mAb (cA2) in 
patients with active RA despite MTX treatment. Infliximab is 
also approved for the reduction in signs and symptoms of 
CD, as well as for the induction and maintenance of clinical 
remission in patients with moderate-to-severe CD who have 
had an inadequate response to conventional therapy. The piv- 
otal study for CD, tided 'A Crohn's Disease Clinical Trial 
Evaluating Infliximab in a New Long-Term Treatment Regi- 
men . hereafter referred to as ACCENT I, was a randomised, 
double-blind, placebo-controlled trial of anti-TNF-a chimae- 
rlc mAb, infliximab, in the long-term treatment of patients 
wiUi moderately-to-severely active CD, Randomised, placebo- 
controlled, double-blind trials have been supported by various 
prospective and retrospective open-label studies and case 
reviews, either corroborating the results of pivotal studies or 
evaluating efRcacy in subpopulations. 

Because infliximab has been approved for use in RA and 
CD, and the disease mechanisms involving TNF have been at 
least partly established, these disease states are not discussed 
in-depth. Instead, emphasis has been given to the clinical out- 
comes of TNF blockade and the use of inflbclmab in the treat- 
ment of other immune-mediated inflammatory diseases (i.e., 
AS, psoriasis, Behgets disease and so on), discussed under sec- 
tion 5, These therapeutic areas require a more detailed mecha- 
nism of action to elucidate why inflbclmab was considered a 
possible treatment. An overview of the efRcacy in these clini- 
cal trials is presented below. 

4.1 Work in rheumatoid arthritis 

4. 7. 1 Controlled studies 

At least 12 controlled studies have demonstrated the efficacy 
of infliximab in RA. A total of > 1500 patients (inflixlmab- 
treated and placebo) have participated in US and European 
multi-centre trials since the first studies performed by Main! 
and colleagues in the early 1990s In the Kennedy Institute 
and at other European sites. 

Inflixmab dosage has been in the range 1-20 mg/kg [18.22- 
24], although the most recent studies have demonstrated that a 
minimum dose of 3 mg/kg is necessaiy for clinical response (19]. 
Initially, one infusion was administered in order to study Initial 
response and evaluate remission over time. However, induction 
regimens have been utilised since 1998, the most prominent 
being administered at weeks 0, 2 and 6, followed by administra- 
tion every 8 weeks. The primary end point for efficacy in the 
pivotal studies was the American College of Rheumatology 
(ACR) response criteria (Table 1; all tables are in appendices 
pg 162 -168). 

At a minimum. 20% response was targeted (ACR20); 
although ACR50 and ACR70 have also been evaluated |16,19.25]. 
As part of the ACR Indexed result. Improvement in swollen and 
tender joints [22.26], reduction in the progression of Joint dam- 
age |27.2Bj and the benefits of consistent treatment [29] were 
reported in almost all studies. Other areas of interest prompted 
by these studies have been reduction in the use of concomitant 
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medications [301, radiographic comparisons 131361, pharmacoki- 
netics (18.371, Immunogeniclty 123.18.24,38-401, time to onset of 
efficacy [30.411 and the safety of multiple infusions 118,39,42], as 
well as the rate of infusions [30.431 (table 2). 

One high profile outcome for this therapy is improvement 
of the quality of life, which Is often United to economic 
enhancement for the patient. Improvement in quality of life 
and function, as evaluated by the SF36 and Health Assess- 
ment Questionnaires (HAQs), may rise significantly and rap- 
idly after treatment. Even partial resumption of daily physical 
functions, such as walking and dressing, may enable patients 
to be re -employed [44.451. This potentially results In an eco- 
nomic benefit for the healthcare system. Indeed, patients with 
moderate-to-severe RA who had lower disease activity scores 
(DAS) as a result of infliximab treatment, accrued signifi- 
cantly lower overall medical costs in this analysis [441. Increases 
in minimum clinically important differences In HAQs dem- 
onstrated improvement in functional status [451. There are 
some indications that long-term follow-up of these trends 
continues. Presently, 3 -year postmarketing data from the piv- 
otal controlled study is still confirming success with inflixi- 
mab treatment of RA [461. 

4. 1.2 Uncontrolled studies 

Concurrent to controlled studies, prospective, open-label 
RA trials have demonstrated favourable results In juvenile 
RA [47-501, as well as successful tapering of concomitant ther- 
apies to evaluate infliximab monotherapy (51 1, .efficacy and 
safety of infliximab and leflunomide [521, efficacy and bene- 
fits of infliximab and azathioprine [531, and efficacy and 
safety of infliximab among patients with inadequate 
response to etanercept [541 (Table 3). 

Open-label immunogeniclty studies have examined the 
behaviour of chemokines and the involvement of IL-8. 
MCP-1 [551, IL-l[a] and IL-l[p] [561. A study with 263 
patients at 50 sites in Germany confirmed the ACR20 results 
of the controlled trials 1571. Retrospective, open-label studies 
have suggested a neutral effect on pregnancy [58] and a 
favourable patient response to monotherapy, using HAQ 
evaluations [591. Two retrospective studies in Belgium [531 and 
Canada [60] have confirmed the safety and efficacy reported in 
the controlled trials. 

An infliximab safety registry compared 2896 patients prior 
to infliximab treatment with 230 patients already undergoing 
Infliximab treatment for an average of 6 months. For the 
group already undergoing infliximab treatment, the mean 
number of tender Joints was 42% less than the mean for the 
non-treated group; the mean number of swollen Joints was 
35% less than the mean for the non-treated group; global 
scores were 26% better than those for the non-treated group; 
pain scores were 26% better than those for the non-treated 
group; and the HAQ scores were 12% better than the non- 
treated group (611. 

In a cohort of 296 patients with RA in Sweden, the mean 
number of hours worked per week at onset of therapy was 



18.5 ± 1.3 (excluding pensioners and permanently disabled 
persons). After 2 years of anti-TNF-a therapy, the mean 
number of hours worked per week Increased to 26.0 ± 2.5. 
There was no significant difference between the results for 
etanercept and inflbclmab in that study [621. 

A few studies have been conducted on early RA, and pre- 
liminary outcomes have shown that infliximab is beneficial in 
mediating a prolonged therapeutic response, such as 
ACR50 [63.641 and radiologic progression [651. Investigational 
Juvenile RA trials have shown infliximab to be safe and effec- 
tive for this as yet unapproved indication [48-501. 

Several studies compared the efficacy of etanercept with inf- 
liximab. In one retrospective study, the median improvements 
in swollen Joint count and In morning stiffness for patients 
administered with 3 mg/kg infliximab over 3 years were 90 
and 82%, respectively, as compared with 75 and 67% for 
patients receiving etanercept during the same time period |661. 
However, these indirect comparisons have clear limitations 
and no direct comparison has been performed so far. 

These studies have provided clear evidence that infliximab 
works in RA. The drug is only approved in a dosage of 3 mg/kg, 
in combination with MTX. However, from the experiences In 
clinical practice it seems clear that some patients need higher 
doses and that not all patients tolerate MTX. 

42 Work in Crohn's disease 

4.2.1 Controlled Studies 

Six controlled studies have demonstrated the efficacy of inflix- 
imab in CD (Table 4). 

A total of > 1100 patients (placebo and treatment) have 
participated in US and European multi-centre trials since 
1995 [67-721. In early trials, treatment ranged 1 - 20 mg/kg of 
infliximab [68.691, although more recent studies have demon- 
strated that a minimum dose of 3 - 5 mg/kg is necessary for 
response [7i). Often, only one infusion was administered to 
study initial response and monitor remission over time. How- 
ever, induction regimens have been utilised since 1998, the 
most prominent being 5 mg/kg of infliximab administered at 
weeks 0, 2 and 6 followed by administration every 8 weeks. 
Primary efficacy end points in the controlled studies were a 
response represented by a change in the Crohn's disease activ- 
ity index (CDAI), remission of disease activity at specified 
times and time to loss of response. Remission was defined as a 
CDAI score below 150 points (731. In earlier studies, patients 
with active CD responded significantly to a single 5, 10 or 
20 mg/kg Infusion of infliximab treatment. CDAI scores in 
these earlier studies were markedly improved at 4 weeks (67.691, 
and later showed a significant response over placebo at 
2 weeks (711. Other end points in controlled studies were the 
effect of retreatment to sustain remission in patients who 
received a single infusion of 5, 10 or 20 mg of inflbdmab [721, 
the effect on endoscopic and histological healing (741 and the 
effect on downregulatlon of Ileocolitis (75). An Induction regi- 
men of 5 or 10 mg/kg of infliximab in a placebo-controlled 
trial was associated with a ^ 50% reduction in the number of 
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draining fistulae over 3 months, and complete closure of fls- 
tulae was observed in 55% of patiepts who received 5 mg/kg 
of infliximab, compared with only 13% of patients who 
received placebo (69). Of the 28 patients who had evaluable 
endoscopic results in the ACCENT I substudy. - 54% of 
patients who had received any dosage of infliximab as main- 
tenance treatment had mucosal healing by week 54 [761. 
Results of analysis of other secondary end points from the 
ACCENT I study (n = 573, 5 mg/kg of infliximab) demon- 
strated a preference for scheduled rather than episodic treat- 
ments 177], endoscopic healing (76.77], a preference for 
Induction regimen over single dose 178), and grounds for 
reducing or discontinuing concomitant steroids (791. 

As with RA, quality of life (QOL) improves significandy and 
rapidly with infliximab treatment (80.81], and patients have been 
able to return to the workplace (82-84). As in RA, the economic 
impact to the health system has a diminishing potential 177.85). 
Sustained remission and maintenance treatment reduce hospi- 
talisations and the likelihood of surgery (86,87). Recent studies 
have turned some attention to the determination of serum 
markers |15,88I and C-reactive protein (CRP) changes [89),'and 
also to their role as early warnings of disease activity and their 
potential for serving as surrogate markers to monitor the dis- 
ease cause and the effect of therapy fTable 5) . 

4.2.2 Uncontrolled Studies 

Prospective open-label studies in CD, using infliximab, cor- 
roborated the results of clinical trials (90-92). Other studies 
have targeted specific areas of interest, such as efficacy of tha- 
lidomide for maintenance after induction of therapy with 
infliximab (93), and increased apoptosls of Inflammatory cells 
causing enlarged lamina propria after treatment with inflixi- 
mab (94) (table 6). 

Some retrospective, open-label studies in CD also corrobo- 
rated the results of clinical trials [95-100). Small case studies 
investigated unique applications of Infliximab in inflamma- 
tory bowel diseases, such as remission of ileoanal pouch (lOi), 
healing of lesions in perineal cutaneous CD fi021, effect on 
intestinal strictures [103,104], refractory pouchitis |105], extrain- 
testinal manifestations (106), granuloma annulare 1107), and CD 
in patients with HIV (108). Paediatrlc CD applications of Inf- 
Ibcimab have also increased. Studies have been conducted to 
evaluate the pharmacokinetics of infliximab in 
children [109.110], steroid tapering in children [ill], general 
improvement and remission in children (Ii2-ii5], episodic 
treatment problems (lie), in-office infusions (117] and 
QOL [118] (Table?). 

One study correlated the decrease in hospital resources as a 
direct result of use of infliximab in patients with CD. The 
records of 79 patients were analysed. For all patients, there was 
a 38% decrease in all surgeries (p < 0.01), an 18% decrease in 
gastrointestinal surgeries (p < 0.05), a 43% decrease in endo- 
scopies (p < 0.01), a 66% decrease in emergency room visits 
(p < 0.05), a 16% decrease in all out-patient visits (p < 0.05), a 
20% decrease in out-patient visits (p < 0.01), a 12% deaease in 



all radiological examinations (p < 0.01) and a 13% decrease in 
non-plain films (p < 0.01). For patients with fistulislng CD 
(n = 37). there was a 59% decrease in hospitalisations 
(p< 0.05), a 66% decrease in aU surgeries (p < 0.01). a 59% 
decrease in gastrointestinal (GI) surgeries (p < 0.01), a 27%, 
26% and 70% decrease in all-cause, GI and surgical out-patient 
visits, respectively (p < 0.05 for all), a 64% decrease in emer- 
gency rooim visits (p < 0.05), a 40% decrease In all radiological 
examinations (p < 0.05), and a 61% decrease in non-plain films 
(p < 0.050). Patients with luminal disease (n = 42) had a 52% 
decrease in the number of endoscopies performed (p < 0.05) 
and a 69% decrease in emergency room visits (p < 0.050) (119). 

In summary, infliximab works in CD. Permanent dosing 
seems to have advantages over single shot approaches, but 
the optimal duration of therapy and the advantages over 
conventional approaches with steroids and azathioprlne need 
more substantiation. 

5. Expanding therapeutic indications 

5.1 Prelinfiinary work in aniqfiosing spondylitis 

The spondyloarthritides are a group of chronic inflammatory 
diseases, of which AS is thought to be the most 
common (2.120). Characteristics of the disease are the involve- 
ment of the axial skeleton starting in the sacroiliac joints (121] 
and the entheses (122), as well as the synovium. The disease has 
a strong genetic association [123]. About 90% of Caucasians 
with AS have the human leukocyte antigen (HLA)-B27 gene, 
an allele of the major histocompatibility complex (124.125). The 
diagnosis is based on the modified New York criteria for 
AS (1261. The major manifestations of the disease are inflamma- 
tory low back pain, which is a consequence of sacrolliitis, 
spondylitis and, possibly enthesitis of axial structures. A signif- 
icant percentage of the patients also have peripheral arthritis 
and anterior uveitis. Other organ involvement may include 
heart disease (especially of the aortic root), kidney involvement 
by amyloidosis, and lung disease (127). The mortality of patients 
with clinically relevant AS is Increased by a factor of - 1 .5 (8]. 

Abundant TNF-a mRNA has been found in sacroiliac 
joints biopsies from patients with AS 1128], suggesting a patho- 
genic role for TNE NSAIDs are useful for management of pain 
In some patients but are Ineffective as disease modifying agents. 

Assessment of AS has been defined by a core set published 
by the Assessments in Ankylosing Spondylitis (ASAS) 
group [1291. This study group has recentiy proposed improve- 
ment criteria on the basis of NSAID trials [130], The most 
frequentiy used tools for clinical measurements in AS nowa- 
days are the Bath indices: BASDAI (Bath Ankylosing 
Spondylitis Disease Activity Index) (131], BASFI (Bath Anky- 
losing Spondylitis Functional Index) [132], BASMI (Bath 
Ankylosing Spondylitis Metrology Index) (133] and BASRI 
(Bath Ankylosing Spondylitis Radiology Index) [134J, all 
using a 10 cm visual analog scale. Other indicators are the 
erythrocyte sedimentation rate (ESR), CRR pain levels and 
physician/patient HAQs. 
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Figure 1. Ankylosing spondylitis clinical experience. IFX (n = 263); Pbo (n = 55). 

AS: Ankylosing spondylitis: BASDAI: Bath AS disease activity index: BASFI: Bath AS functional index: BASMI: Bath AS metrology index; IFX: Infliximab: Pbo: Placebo: 
QOL: Quality of life; VAS: Visual analog scale. 



Two pilot studies were performed in Berlin 11351 and 
Gent [136], which suggested definite clinical benefits of inflixi- 
mab in AS and PsA. Both groups also performed randomised, 
double-blind, placebo-controlled clinical trials 1137.138) 
(Table 8). The Berlin group conducted a placebo-controlled 
multi-centre study of 70 patients, 35 of whom received 
5 mg/kg infliximab at weeks 0, 2 and 6 weeks, and 35 of 
whom received placebo; an evaluation was performed at 
12 weeks. Eighteen of thirty-five infliximab-treated patients 
(53%) had ^ 50% reduction in disease activity (BASDAI), as 
compared with three of thirty-five placebo-treated patients 
(9%). At 12 weeks, placebo-treated patients received crossover 
treatments with infliximab, starting with an induction dose of 
5 mg/kg at weeks 12, 14 and 18. followed by an infusion 
every 6 weeks. At week 18, the placebo-crossover patients 
experienced an equivalent reduction in disease activity as 
compared with patients who initially received infliximab and 
completed their induction therapy at weeks 0, 2 and 6. At 
week 54, patients initially assigned to infliximab and the pla- 
cebo-crossover patients responded equlvalently, with 53.3 and 
51.4% of patients, respectively, achieving at least a 50% 
reduction in disease activity 11391. There was clear improve- 
ment of inflammatory back pain, peripheral arthritis and 
enthesltls. Importantly, function, mobility and QOL also 
improved signlficantiy. After 1 year, 78% of the patients are 
still receiving inflbdmab therapy, and continuous improve- 
ment was reported over 52 weeks, without any evidence of 
diminishing efficacy. 

There is preliminary evidence that active and chronic changes 
of AS, as detected by a novel magnetic resonance imaging (MRI) 
scoring system, improved after 3 months of treatment |140.141]. 

Van den Bosch also conducted a placebo-controlled, multi- 
centre, randomised study, in which 20 patients received placebo 
and 20 patients received 5 mg/kg of inflbcimab at weeks 0, 2 
and 6, with a follow-up evaluation in week 12. Mean BASDAI 
scores dropped from 5.9 to 2.7 cm in the inflbdmab group and 
from 5.3 to only 5.0 cm in the placebo group. Mean BASFI 



scores decreased from 4.7 to 2.7 cm in the inflbdmab group but 
increased from 5.9 to 7.2 cm in the placebo group. There were 
also significant reductions in morning stiffness, peripheral Joint 
pain, tender Joint count and patient and physician global 
assessments for patients who received infliximab, whereas these 
factors increased for patients who received placebo. ESR, CRP 
and swollen joint counts also decreased in infliximab-treated 
patients. An extension of this trial demonstrated the safety and 
efficacy of a retreatment regimen of 10 mg/kg administered 
every 14 weeks to patients previously given 5 mg/kg at weeks 0, 
2 and 6, in order to maintain the initial improvement Every 
retreatment sustained a significant improvement (p < 0.01, 
compared to baseline) (142) (See Table 2). 

There have been nine open-label prospective trials con- 
ducted in 197 patients, with inflbcimab dosages of 3 - 5 mg/kg 
at weeks 0, 2 and 6, with follow-up evaluations at week 12 or 
14 [135.138.145-149] (Table 8). 

Including the 55 patients treated v^th infliximab from the 
controlled studies, Figure 1 presents the clinical trial experi- 
ence results and Figure 2 presents the laboratory data results 
for a total of 252 patients with AS. There have also been sev- 
eral case studies which demonstrated comparable levels of 
improvement [150-153]. 

Additional studies have analysed T cells, cytokines [154], pol- 
ymorphisms 1155], interleuklns. V-CAMl, MCP-1, MMP-3, 
MMP-11 1156], protein amyloids |157] and vascularity [158], in 
order to further examine the mechanism of action for anti- 
TNF-a therapy in the spondylarthritides. It was shown that 
the nonspecific and the antigen-specific cytokine secretion was 
definitely influenced by infliximab therapy. 

There are clear indications that etanercept is also effective in 
AS (159-1 62] . In a 6-month double-blind, placebo-controlled. 
Phase ni clinical trial In 30 patients, etanercept was efficacious 
in treating AS (57% of patients demonstrated 50% ACR 
improvement in 6 weeks) |162]. The onset of action might be 
somewhat slower with etanercept, but overall no clear differ- 
ences between infliximab and etanercept have been established. 
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Figure 2. Ankylosing spondylitis laboratory experience. IPX (n = 263), Pbo (n = 55). 

CRP: C-reaalve protein: ESR: Erythrocyte sedimentation rate; IFX: Infliximab; Pbo: Placebo. 



Overall, studies in AS have shown that anti-TNF therapy is 
effective in AS and represents a major breakthrough in the 
therapy of this disease, especially because, unlike for RA, there 
are almost no alteiTiative therapies. 

5.2 Preliminary work in Behpef s disease 

Behcet's disease Is an idiopathic, chronic, relapsing. Immune- 
mediated, inflammatory disorder, which is characterised by 
painful mouth sores, skin blisters, genital sores and swollen 
joints. A major tlireat to patients is blindness resulting from 
uncontrolled panuveltis. Serum levels of TNF and soluble TNF 
receptors were shown to be elevated in patients with active dis- 
ease. There are seven case studies of Infliximab use in Behcet's 
disease. All patients received dosages of infliximab in the range 
2-10 mg/kg as episodic treatments or as a regimen at weeks 0, 
2. 6 and every 8 weeks thereafter. The clinical manifestations of 
disease in seven patients at baseline consisted of oral, anal and 
genital ulcerations, which improved in a few weeks and cleared 
later in the study (163-1 68]. All patients were taking concomitant 
medications, some of which were discontinued as a result of 
treatment. Indications suggest that infliximab Is a promising 
drug for severe Behcet's disease (see also section 5.6.). 

5.3 Preliminary work in psoriasis/psoriatic arthritis 

It is believed that psoriasis is driven by activated memory 
T cells, namely CD4+ (dermal) and CD8+ (epidermal). Anti- 
TNF-a binds to secreted cytokines and suppresses their activ- 
ity in the development of psoriasis and other inflammatory 
skin diseases. It also appears to inhibit migration of T ceils 
and downregulates both T cell activation and activity (1691. 

Psoriatic disease activity is measured by the Psoriasis Area 
and Severity Index (PASI) score. For psoriatic arthritis, the 
Psoriatic Arthritis Response Criteria (PsARC) score is now 
commonly used 1170). 

In a double-blind, randomised, placebo-controlled inflixi- 
mab study in patients with moderate*to~severe plaque psoriasis 
(n = 33). only 18% of patients who received placebo achieved 
the primary end point of good, excellent or clear ratings on the 



physicians global assessment, as compared with 82% of 
patients who received 5 mg/kg of infliximab and 91% for 
those given 10 mg/kg of inflbdmab. A 75% improvement In 
PASI scores was the secondary end point. This outcome was 
achieved by 18% of placebo-treated patients, 82% of 5 mg/kg 
infliximab-treated patients and 73% of 10 mg/kg inflbdmab- 
treated patients. The median time to response was 
4weeks[i7ij. In a subset analysis of this study, inflbcimab 
monotherapy normalised keratinocyte dlfFerentiation and 
decreased Inflammation In skin biopsies from these 
33 patients, indicating further that TNF-a may be pivotal in 
the pathogenesis of psoriasis [1721. In an unbllnded study 
extension, 48% of patients maintained a 75% Improvement in 
PASI scores tlirough 26 weeks (173). 

A double-blind, randomised, placebo-controlled infliximab 
study In patients with PsA (n = 102) was recentiy 
completed [174]. Placebo and Infliximab 5 mg/kg were adminis- 
tered at weeks 0, 2, 6 and 14, followed by open-label 5 mg/kg 
Infliximab treatment and follow-up through week 50. In the 
infliximab group, 70.6% (36 of 51) patients achieved 20% 
improvement in American College of Rheumatology (ACR) 
score (ACR20) and 52.9% (27 of 51) achieved ACR50. In tiie 
placebo group, 9.8% (5 of 51) achieved ACR20 response crite- 
ria. There were no significant infusion reactions, no opportunis- 
tic infections and no increase In systemic infections. However, 
there was one case of Joint infection. Similar positive effects have 
been reported with etanercept 1175). Anti-TNF therapy is clearly 
beneficial for Joint and skin involvement in psoriasis and PsA. 

Five prospective open-label PsA studies (176.1811 have dem- 
onstrated marked improvement in disease activity in patients 
treated with 3-5 mg/kg of inflbcimab after an induction regi- 
men at weeks 0, 2 and 6, Ogillvie et al. [1751, Schopf etal, [1771 
and Cherouvim etaL [178] demonstrated a decrease in the 
range of pretreatment PASI scores of 2.1 - 31.7 to a post-treat- 
ment range of 0.2 - 11.2. Feletar etal. demonstrated that inf- 
liximab had a moderate response for Joint disease that was not 
well sustained, but demonstrated a marked Improvement in 
psoriasis, which was well maintained [179]. 
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Psoriasis-associated pruritus scores dropped from 2.5 ± 0.25 
at week 0, to 0.8 ± 0.3 at week 14 (scale of 0 - 3) in the Schopf 
study [1771, in which patients were treated with 5 mg/kg inflixi- 
mab at weeks 0, 2 and 6. Acanthosis (epidermal thickness) 
decreased from 0.41 ± 0.06 mm to 0.14 ± 0.02 mm in 
10 weeks. In a study conducted by Cherouvin etal., morning 
stiffness decreased from a mean of 95 min to 27 min. The 
mean number of tender Joints decreased from 22.2 to 7.2, and 
swollen Joints from 9.6 to 2.1 11781 (Table 9). 

Four retrospective, open-label psoriasis and PsA 
studies [180-183] also demonstrated marked improvement in 
disease activity. Stevens etaJ. (isij and Flelschmann et al, [182] 
reported a decrease in the number of swollen Joints from a 
pretreatment range of 7.7 - 15.5 to a post-treatment range 
of 1.9 - 3.1 when infliximab was administered for an aver- 
age dose of 3.6 - 3. 9mg/kg during an average of 4 - 5 infu- 
sions. Four case studies; in psoriasis and PsA [183*1861 
demonstrated dramatic Improvement in disease status 
within 1-7 days, and four additional case studies [187-190] 
demonstrated dramatic improvement in disease status after 
multiple Infusions. In some instances concomitant medica- 
tions were discontinued. As a result of the success of inflixi- 
mab in the treatment of psoriasis and PsA in these studies, 
full clinical trials are in progress. 

5.4 Preliminary work in other dermatological diseases 

Retrospective data were collected for 57 patients who were 
treated with infliximab for various skin disorders. They were 
given episodic infusions of 5 mg/kg infliximab, sometimes 
repeated monthly. The following indicates patients with 
marked improvement in each dermatologic disease: 
19 patients with psoriasis (33.3%); 10 patients with hidrad- 
enitis suppurative (17.6%); 2 patients with marked and 
6 patients with moderate pyoderma gangrenosum (PG) 
(12.3%); and 9 patients with pityriasis rubra pilaris (15.8%). 
Improvement was also demonstrated in 2 patients with eosi- 
nophilic fascilitis, 2 patients with panniculitus. 1 patient 
with Stevens-Johnson syndrome, 2 patients with acne fulmi- 
nans, 2 patients with scleroderma and 1 patient with necro- 
biosis lipoidica diabeticorum. Conditions worsened after 
infliximab treatment in 2 patients with discoid lupus, 
1 patient with foreign body granuloma and 2 patients with 
atopic dermatitis [183] . 

5.5 Preliminary work in pyodemia gangrenosum 

PG is an idiopathic and chronic ulcerating skin disease, fre- 
quently associated with inflammatory bowel disease. It 
occurs predominantly in the lower extremities and peristomal 
areas. Treatment presently consists of local wound treatment, 
corticosteroids, immunomodulators, antibiotics, 5-aminosal- 
Icylate compounds and surgery [191.192]. PG responds to 
cyclosporin, indicating that T lymphocytes may be involved 
in pathogenesis [1931, and there is evidence of neutrophilic 
infiltration of the dermis and lymphocytic Infiltrations of the 
blood vessels [191]. 



Infliximab treatment in PG has been documented in only a 
few case studies (187.191. 192.194-1971. No double-blind, ran- 
domised, placebo-controlled studies have been published, to 
date. In these case studies, all patients received 4-10 mg/kg 
infusions of inflbdmab. Baseline conditions consisted of skin 
lesions, flstulae, pustulae, ulcerations, diarrhoea, colonic per- 
forations, pouchitis. Sweet's syndrome and pain. Steroid 
tapering was conducted in a few cases. Outcomes consisted of 
symptom relief as early as 24 h, or within a few days following 
infliximab therapy. Lesions and fistulas closed and CRP pro- 
tein levels decreased. In some instances there was complete 
healing witiiin a few weeks following treatment. 

5.6 Preliminary work in uveitis 

Uveitis is an inflammatory process of the uveal tract structures 
of the eye. commonly caused by infections, trauma, lympho- 
proliferatlve disorders and Ischaemia, but in some instances, 
the cause has an autoimmune component 1194]. For this rea- 
son, uveitis is a common manifestation in Behgets disease, 
Crohns disease, Juvenile RA, spondyloarthritis and other 
inflammatory immune disorders 1198). Considering the success 
of anti-TNF therapy in the aforementioned disease states, inf- 
liximab was evaluated in several uveitis case studies. 

A single patient with spondyloarthritis presented with ante- 
rior uveitis, resulting in vitritis and chronic anterior and inter- 
mediate uveitis, with a positive Tyndail phenomenon ++ 
(deflned as the occurrence of visible floating particles in gases 
and liquids that are Illuminated by a ray of sunlight and are 
viewed at right angles to the Illuminating ray). After 1 week, 
there was a marked improvement in the Tyndail phenome- 
non. Improvement was sustained through 14 weeks until a 
relapse necessitated a second infusion. The patient's condition 
remained stable for 58 weeks (n = 1) [199]. 

One 5 mg/kg intravenous dose of infliximab was adminis- 
tered to five patients witii Behget*s disease at the time of 
immediate onset of their last relapse of panuveltis. Remission 
of ocular Inflammation was evident after 24 h, with complete 
suppression after 7 days in all patients. Follow-up evaluation 
at day 14 showed improvement In retinal lesions, visual acuity, 
anterior chamber cell involvement, vitreous haze and vasculitis 
among all patients. There were no observed side effects [200]. 

In a study, seven patients with HLA-B27+ anterior uveitis 
were given a single infusion of 10 mg/kg infliximab as mono- 
therapy. There was improvement in clinical symptoms and a 
decrease of anterior chamber ceUs within 7 days for three 
patients, after 11 days for one patient, after 17 days for one 
patient and after 39 days for another patient. One patient 
could not achieve complete resolution with Inflbtimab ther- 
apy. However, after 120 days, three of the seven patients 
relapsed and were given steroids [20i}. Three patients suffering 
from a non-responsive chronic uveitis showed no remission 
when treated with systemic or local corticosteroids combined 
with MTX. Two of the three patients received three doses of 
5 mg/kg of infliximab at 0, 2 and 6 weeks. The third patient 
received only one dose of 5 mg/kg of Infliximab. All three 
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patients achdeved remission within 2 weeks. Visual acuity 
improved in all patients* and treatment with corticosteroids 
was discontinued in two patients and tapered in the third 
patient 1201). 

In a similar study three patients with associated HLA-B27 
anterior uveitis demonstrated different responses. The first 
patient, who received 10 mg/kg of infliximab, relapsed 
5 months after the last infusion. The second patient, how- 
ever, who received 5 mg/kg of infliximab, remained in remis- 
sion 5 months after the last infusion. Furthermore, the third 
patient, who received 5 mg/kg of inflbdmab, remained in 
remission 3 months after the last infusion. The results from 
individual patients show the need for individual assessment 
and dose tailoring (202). 

Two other case studies have reported positive results with an 
Induction regimen consisting of 3 and 5 mg/kg of infliximab, 
with ocular aching, clouding and photophobia resolving in 
days (203.2041, A study in eight paediatric patients with refractory 
chronic uveitis in Juvenile idiopathic arthritis demonstrated a 
decrease in cellularity in Hve of eight patients at 3 months, but 
at 6 months, two patients experienced flare of uveitis (205]. 
Seven patients with refractory posterior uveitis were treated 
with inflbdmab in an open-label study. No adverse events and 
no ocular or* systemic exacerbation were observed, and visual 
acuity improved or became stabilised in every patient 1206). 

A 5 mg/kg single infusion of infliximab was administered to 
1 4 patients with Behgiet s disease-associated, sight-threatening 
panuveltls. One day following treatment, there was a significant 
improvement in visual acuity, a decrease in anterior chamber 
cells and a decrease of vitreous haze. AcUte ocular inflammation 
and nucular oedema resolved 1207). Four patients with resistant 
uveitis, who were previously unresponsive to corticosteroids or 
developed unacceptable toxicities, responded well to 3 - 5 m^ 
kg of infliximab, with no observable toxicities [208]. 

There are no randomised studies on the efHcacy of anti- 
TNF therapy In uveitis. The case studies cited above give the 
Indication that infliximab may be beneficial for some but not 
all patients [209.210). 

5.7 Preliminafy work in ulcerative colitis 

A double-blind, placebo-controlled study, which originally had 
60 patients enrolled, was terminated due to slow enrolment 
and was recharacterised as a prospective study of 1 1 patients 
treated for ulcerative colitis (UC). 8 of whom received a single 
infusion of 5, 10 or 20 mg/kg of inflbcimab and 3 of whom 
received placebo. The primary end point was treatment failure 
within 2 weeks, defined as one of the follov^g: 

• faflure to achieve a clinical response by virtue of requiring 
treatment with corticosteroids given at a dosage of at least 

60 mg/day 

• disease requiring treatment with cyclosporin therapy or 
other immunomodulators 

• the need for a colectomy 

• death 



A clinical response was defined as a score of < 10 and a 
5 point reduction relative to baseline (modified Truelove and 
Witts score). At 2 weeks, four of the eight patients treated 
with inflbdmab achieved clinical response, compared with 
none of the three patients treated with placebo [2ii]. Although 
this study is too small to draw any major conclusions, the data 
initiated further research on the efficacy of infliximab in UC. 

In another study. 17 steroid-naiVe patients, whose UC was 
refractory to mesalamlne, were administered an induction regi- 
men of 5 mg/kg of infliximab at 0, 2 and 6 weeks. Patients who 
achieved remission were then treated every 2 months, whUe 
patients who failed to respond began treatment with pred- 
nisone. Testing was conducted using the pANCA immunoflu- 
orescence assay associated with 80% of UC cases, and the 
ASCA assay associated with 80% of CD. The results showed 
that CRP concentrations decreased from baseline between 
week 12 and week 24 in all subgroups, differentiated on the 
basis of pANCA-or ASCA-posltlvlty. Thus, treatment with inf- 
liximab resulted in improvement of colitis for each of these 
subgroups, possibly suggesting that infliximab is effective across 
the spectrum of inflammatory bowel diseases |2121. 

In a prospective study. 32 patients with UC that was refrac- 
tory to aminosalicylates and/or 6-mercaptopurine. refractory 
to corticosteroids or requiring corticosteroid treatment, were 
administered 5 mg/kg of Infliximab. The mean Ulcerative 
Colitis Clinical Activity Index (UCCAI) score decreased from 
15.8 ± 0.6 to 3.2 ± 0.8 (p < 0.001). Infliximab was found 
eff"ective in this study. Clinical improvement was accompa- 
nied by significant endoscopic and histologic improvement of 
the colon mucosa (213]. 

In another study (214], a total of 27 patients with artive UC 
received in-patient (37%) and out-patient (63%) infliximab as 
single (52%) or multiple (2 - 15) infusions (48%). Twelve 
patients (44%) achieved remission and six patients (22%) had 
partial response. Nine patients had no response; five subse- 
quentiy underwent total colectony. The median time to achieve 
response and remission was 4 days, and the median duration 
8 weeks. Nine of the eighteen patients who responded experi- 
enced 19 relapses: 18 of these relapses (95%) were successfully 
treated with repeat infusions. Steroid-refractory patients were 
less likely to respond to infliximab therapy than steroid-respon- 
sive patients (33 versus 83%; p = 0.026). No other factors were 
predictive of response to infliximab. Two patients developed 
serious adverse events, Including death in one case. The authors 
concluded that there is preliminary evidence suggesting effec- 
tiveness of infliximab in the treatment of UC, including medi- 
cally refractory severe disease. Individuals who are refractory to 
corticosteroids, however, may be unlikely to respond to inflixi- 
mab. A randomised, controlled trial is needed to further investi- 
gate the efficacy of infliximab in patients with UC. 

5^ PrelitTunary work in Other diseases 

There have been off-label uses of infliximab in diseases known 
to have an underlying immune-inflammatory mechanism, 
but not necessarily- involving TNF-a. Case reports have been 



Exp&t Opin. BioL Then (2003) 3(1) 



149 



Infliximab 



published demonstrating moderate-to-marked to dramatic 
improvement (Table 10). 

The andcytokine medication programs initiated for 
chronic heart failure (CHF) were halted because of limited 
efficacy and side effects in the high dose group. The efficacy 
of anti-TNF therapy in low dosages for patients with CHF 
may need to be determined in future studies [2151. The safety 
issues are discussed under section 6.6. 

6. Safety and tolerabiltty 

Infliximab inhibits cytokine production and/or action, prima- 
rily by binding to TNF-a in its free state as well as bound 
states. The most common reason for discontinuation of treat- 
ment Is infusion-related reactions (dyspnea, flushing, head- 
ache and rash). Adverse events have been reported in a higher 
proportion of patients with RA who received 10 mg/kg of inf- 
Ibcimab than in those who received 3 mg/kg of infliximab; 
however, no differences were observed in the frequency of 
adverse events between the 5 mg/kg 'dose and 10 mg/kg dose 
in patients with CD |171. 

In a recent paper on therapy of AS. the issue of safety has 
been discussed quite ejctensively |8]. 

6.1 infusion-related reactions 

An infusion reaction, defined as any adverse event occurring 
during an infusion or within 1 ~ 2 h after an Infusion, 
occurred In 22% of infllximab-treated patients in all clinical 
studies, compared with 9% of placebo-treated patients. Infu- 
sion reactions have occasionally been accompanied by nonspe- 
cific symptoms such as fever or chills, or by cardiopulmonary 
reactions O^rlmarily chest pain, hypotension, hypertension or 
dyspnea) and < 1% are accompanied by jDrurltus, urticaria or 
the combined symptoms of pruritus/urticaria and cardiopul- 
monary reactions. Serious infusion reactions occurred in < 1% 
of patients and Included anaphylaxis, convulsions, erythema- 
tous rash and hypotension. Patients who developed antibodies 
to infliximab have been shown to be - 2 - 3 times more likely 
to have an infusion reaction than those who did not. Use of 
concomitant Immunosuppressant agents such as MTX appears 
to reduce the risk for antibodies to inflbdmab and infusion 
reactions. However, whether this justifies using infliximab only 
in combination with MTX Is still a matter of debate. In post- 
marketing experience, rare cases of anaphylactic-llke reactions. 
Including laryngeal/pharyngeal oedema and severe bronchos- 
pasm and seizure have been associated with infliximab admin- 
istration. However, infusion-related side effects can, in general, 
be easily handled in experienced centres. 

6.2 Infections 

In clinical studies, infections requiring treatment were 
reported In 36% of Infllxlmab-treated patients (average of 
56 weeks of follow-up) and in 26% of placebo-treated 
patients (average of 41 weeks of follow-up). With longer 
observation periods (l.e., 6 months following the last patient 



infusion), the rate of infection was similar for both groups. 
The infections most frequentiy reported were respiratory 
tract infections (including sinusitis, pharyngitis and bronchi- 
tis) and urinary tract infections. No increased risk of serious 
infections or sepsis was observed with inflbdmab compared 
with placebo In the clinical studies In which all patients 
received MTX concomitantly. Among Infllximab-treated 
patients, serious infections included pneumonia, cellulitis, 
abscess, skin ulceration, sepsis and bacterial Infection. In the 
ATTRACT study, one patient died with miliary tuberculosis 
and one died with disseminated coccidioidomycosis. In the 
ACCENT study, one patient was diagnosed with tuberculo- 
sis. In the Berlin AS trial one patient developed systemic 
tuberculosis. Other cases of tuberculosis, including dissemi- 
nated tuberculosis, have also been reported in postmarketing 
experience. Most of the cases of tuberculosis occurred within 
the first 3 months after initiation of therapy with inflbdmab 
and may reflect recrudescence of latent disease. In postmar- 
keting experience. Infections have been observed with various 
pathogens including viral, bacterial, fungal and protozoal 
organisms. Infections have been noted In all organ systems 
and have been reported in patients receiving inflbdmab alone 
or in combination with immunosuppressive agents. Concern 
about tuberculosis infection in patients treated with anti- 
TNF agents has led to a labelling change, recommending 
that all patients to be treated with these drugs undergo 
screening for tuberculosis prior to treatment. Patients with 
evidence of tuberculosis Infection should be treated for the 
infection prior to the initiation of anti-TNF therapy, or the 
drug should not be used in these cases [2161. Consequent 
screening by purified protein derivative (PPD) testing and 
X-ray before the start of treatment has already decreased the 
"incidence of tuberculosis on inflbdmab therapy 

6^ Autoantibodies/lupus-like syndrome 

In the ATTRACT study tiirough week 102, 62% of infllxi- 
mab-treated patients developed antinuclear antibodies (ANA) 
between screening and the last evaluation, compared with 27% 
of placebo-treated patients. Antl-dsDNA antibodies developed 
In - 15% of infllximab-treated patients, compared with none 
of the placebo-treated patients. No patients had CNS or renal 
Involvement. No cases of lupus-like reactions have been 
observed In up to 3 years of long-term follow-up. 

In the Berlin AS trial, two ANA+ DNA- cases with tran- 
sient polyarthritis have been observed. 

In the ACCENT I study, 56% of infllximab-treated 
patients developed ANA between screening and the last 
evaluation, compared with 35% of placebo-treated 
patients. Anti-dsDNA antibodies developed in - 34% of 
infllximab-treated patients, compared with 1 1% of the pla- 
cebo-treated patients. No patients had CNS or renal 
Involvement. There were two patients treated with inflixi- 
mab maintenance who developed lupus-like symptoms. 
One was attributed to the antihlstone antibody and the 
other was attributed to ANA and anti-dsDNA. Lupus-like 
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syndrome and multiple sclerosis-like syndromes have, how- 
ever, been rarely reported in the postmarketing experience. 

6.4 Malignancies/lymphoproliferative disease 

In completed clinical studies of Infliximab for up to 
102 weeks, 18 of 1372 (1.3%) patients developed 19 new or 
recurrent malignancies of various types, over 1430 patient- 
years of follow-up. These were non-Hodgkins B cell lym- 
phoma, breast cancer, melanoma, squamous, rectal adenocar- 
cinoma and basal cell carcinoma. There are insufficient data to 
determine whether infliximab contributed to the development 
of these malignancies. The observed rates and incidences were 
similar to those expected for the populations studied. 

Eight cases of lymphoma were reported in postmarketing 
experience with inflbcimab. This Is tantamount to a rate of 
6.6 cases/100.000 persons, from drug approval to March 
2001. This infliximab rate was below the age-adjusted inci- 
dence of lymphoma in the US from 1992 - 1998, which was 
18.3/100,000. Due to the limitations of the Med-Watch sys- 
tem, the number of cases are believed to be understated. 
Other immunosuppressive agents were used by these patients 
at the time of the study. These cases do not establish a cause- 
effect relationship. However, they do underscore the need for 
caution in clinical use [216]. 

Taken together, there is no concern regarding the issue of 
malignancy as it stands now. However, further collection of 
data in large databases is needed to detect long-temn side ejects. 

6.5 Inrvnunogenicity 

Treatment with infliximab can be associated with the devel- 
opment of antichimaeric antibodies to Inflbcimab. Approxi- 
mately 10% of patients have been shown to be antibody 
positive. The majority of antibody-positive patients had low 
titres. Patients who were antibody-positive were more likely 
to experience an infusion reaction, but this correlation was 
not very strong. Autoantibodies were primarily induced when 
Infliximab was given in a low dosage of 1 mg/kg. The pres- 
ence of antibodies to infliximab in the serum is known to 
interfere with the interpretation of the analyses for antibodies 
to infliximab. 

6.6 Congestive heart failure 

In a Phase II study evaluating inflbclmab In New York Heart 
Association (NYHA) Class III/IV CHF patients (left ven- 
tricular ejection fraction < 35%), higher incidences of mortal- 
ity and hospitalisation resulting from worsening heart failure 
were observed in Inflbdmab-treated patients, especially those 
treated with the 10 mg/kg dose. 

As it stands now, infliximab should defmitely not be given 
to patients with clinically significant heart failure (NYHA III 
and IV). 

6.7 Long-term safety follo\Air-up 

A follow-up programme to the pivotal trials collected Infor- 
mation on new autoimmune diseases, malignancy and death 



over 3 years following the last study infusion, and information 
on serious infections at 6 months following the last infusion. 
No excess of serious infections, malignancies or deaths were 
observed with infliximab In these pivotal trials. There were 
two cases of tuberculosis and two cases of opportunistic infec- 
tions reported. Five of 1372 patients (0.4%) developed clini- 
cal signs of lupus-like syndrome. All patients had resolution of 
these symptoms and no patients had renal or CNS involve- 
ment. The incidences of major safety events during long-term 
follow-up in Infliximab patients were comparable to those 
observed in placebo-treated patients. The number of non- 
lymphoma cancers reported in clinical trials was in agreement 
with those expected for the normal population, according to 
the Surveillance, Epidemiology and End Results Database 
(SEER). The long-term safety of infliximab remains consist- 
ent with earlier observations |461. 

Beginning in January 2001, > 5000 patients were enrolled 
in a long-term safety registry. Of the first 3188 patients 
enrolled, 1-year validated results reported no obvious 
increases in adverse events, compared to what might be 
expected in a similar RA population [217]. 

7. Expert opinion 

K4Abs have introduced a new era in the treatment of some 
immune-mediated inflammatory diseases such as RA, AS and 
CD. Modem biologic anti-TNF-a therapies are cutting 
across traditional boundaries of clinical practice. These ill- 
nesses seem to share a common inflammatory pathway in 
which TNF-a appears to play an important role. The results 
of clinical trials with several agents are promising, and the 
advances achieved by anti-TNF-a treatment of various 
inflammatory conditions associated with rheumatic symp- 
toms seem to emerge Increasingly clear. 

Infliximab, the first of these mAbs to be clinically tested, 
and the subject of this review, was first approved for CD in 
1998 and for RA in 1999. Clinical development programs for 
AS and PsA are underway. Preliminary results of studies of 
infliximab in the treatment of SpA have demonstrated benefit 
for both peripheral and axial inflammation and arthritis. Inf- 
liximab appears effective for other extra-articular features or 
inflammatory manifestations of immune-mediated diseases, 
such as enthesitis, psoriasis, colitis and uveitis. In RA, progres- 
sion of structural damage is inhibited by treatment with inf- 
liximab. This has not been properly studied in AS or PsA, but 
trials are underway. 

Based on its therapeutic success in CD, Infliximab is being 
assessed In other inflammatory conditions of the 01 tract 
Although there are some promising preliminary data (211-2131, 
more work is needed to document the efficacy of infliximab 
inUC. 

According to case reports, there are further indications that 
infliximab may be beneficial in other immune-mediated 
inflammatory diseases which involve TNF-a. There have 
been some open-label studies on Behcet's disease, suggesting 
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that refractory cases associated with uveitis, in particular, can 
also be treated with infliximab. 

The positive response to anti-TNF therapy in many of 
these inflammatory diseases appears to exceed the response 
reported with conventional therapies, Including DMARDs. 
In clinical trials, DMARD refractory patients with RA, 
CD, AS and PsA have been shown to benefit significantly 
from infliximab therapy. Other anti-TNF-a therapies have 
had similar success in the treatment of RA, PsA and AS, but 
not CD, suggesting unique differences in the various anti- 
TNF agents. 

As reported, the onset of action of infliximab appears to be 
rapid in certain diseases, and patients continue to improve 
during therapy, often with improvement of symptoms over 
> 2 years. Infliximab has been approved for episodic and 
maintenance therapy of CD, in the US. Maintenance treat- 
ment, to date, has been the standard approach in the inflam- 
matory arthrltldes. Although antibodies to infliximab may 
arise more frequently with episodic therapy, no apparent loss 
of efficacy has been observed in CD trials. 

There Is clinical trial experience with Infliximab mono- 
therapy in CD, as well as anecdotal and controlled experience 
with infliximab monotherapy in AS and jjsorlasls. Whether 
monotherapy with Infliximab is as efficacious and as safe as 
the combination with MTX in RA or in these diseases is yet 
to be defined. 

A number of Investigators have reported that concomitant 
medication with glucocorticoids or NSAIDs can be tapered 
or discontinued during infliximab therapy 130.51.79.1 1 ij. This 
is likely to affect the development of osteoporosis in these 
patients who are at Increased risk of fracture. 

The optimal dosage of infliximab is 3 - 5 mg/kg. Higher 
doses seem to provide no further benefit Individual dosing in 
this range, although not systematically studied, Is often per- 
formed in clinical practice for pragmatic reasons. 

The length of time for which inflbclmab can be adminis- 
tered has not been determined. There are patients who have 
already received the drug for 3 or 4 years with ongoing benefit 
and no serious side effects; however, more data from clinical 
experience is necessary to establish the long-term safety and 
efficacy of infliximab. 

Some patients in clinical trials have had a limited clinical 
response to infliximab. The reasons for this are unclear. 
However, depending on the type disease, certain parameters 
such as low Initial disease activity, low CRP or accumulated 
damage prior to therapy, may account for this apparent lack 
of response. 

Theoretically, some patients may not respond because a dif- 
ferent cytokine may be their primary mediator of inflamma- 
tion. However, this has not yet been proven. In clinical trials, 
patients may not demonstrate significant improvement based 



on the primary end point measure and, thus, may be classified 
as non-responders\ As reported In the ATTRACT cohort, 
these same patients may simultaneously demonstrate 
improvement in QOL or radiographic joint damage improve- 
ment There are no data suggesting that a positive response to 
Infliximab is largely influenced by age, gender or race. 

QOL is an increasingly important issue in healthcare, . 
especially in disease, which is not Immediately life-threaten- 
ing. Subanalyses of clinical trial data have Indicated that 
slowing disease progression through treatment with inflixi- 
mab may have an impact on disability and, therefore, 
employability. Other benefits of treatment may Include par- 
ticipation in sports and the resumption of a relatively nor- 
mal lifestyle, unrealised prior to treatment. Especially In AS, 
but also in RA and PsA, there has been a considerable 
increase in functional abilities reported in association with 
inflbclmab therapy. 

Generally, there Is a largely favourable risk/benefit ratio 
for infliximab. Infections, especially tuberculosis and oppor- 
tunistic infections, are a potential concern. Although their 
incidence has not been significantly different from placebo 
groups In controlled clinical trials, postmarketing surveil- 
lance has noted 218 reported cases of tuberculosis to date 
and an increased risl; of opportunistic infection. Pretreat- 
ment testing for tuberculosis Is mandatory, and special cau- 
tion is needed when signs of any Infection occur in patients 
who are being treated with infliximab (or any anti-TNF 
treatment). The development of antinuclear and anti-DNA 
antibodies occurs during anti-TNF treatment; however, few 
clinically relevant cases of lupus-like syndromes have been 
reported. Another concern is the development of demyeli- 
nating disease. Malignancies have been carefully monitored, 
but the frequency has not exceeded that found In the overall 
RA population. 

Patients with CHF should not receive anti-TNF agents. 
Elevation of liver enzymes and haematologlcal abnormalities 
are very rare events, which should be monitored. The devel- 
opment of anaphylactic reactions has rarely been a serious 
problem. The use of infliximab without MTX for a period of 
time, followed by a cessation of therapy, may cause more 
problems when the therapy is restarted. Infusion reactions do 
occur, but can generally be managed. 

Overall, infliximab treatment can be regarded as a major 
advantage in the therapy of several Inflammatory diseases. 
Fewer problems can be expected when infliximab Infusions 
are performed by experienced specialists. 
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Appendices 



Table 1. Controlled studies in rheumatoid arthritis using infliximab - 


primary endpoint efficacy. 




Citation 


n Dosage 


(mg/lcg) 


Duration (weeks) 


Ref. 




Elliott (1993) 


20 20 




8 


1261 




Elliott (1994) 


73 1. 10 




4 


1221 




Paleolog (1996) 


73 1,10 




4 


(231 




TakP(1996) 


14 10, 20 




4 


[241 




Maini (1998) 


101 1.3.10 




26 


1181 




Lipsky(1998) 


19 10 




40 


I25J 




Main! (1999) 


428 3, 10 




30 


. 119) 




Kavanaugh (2000) 


28 5, 10, 20 


40 


1161 




Charles (2000) 


193 1,3.10 




14 


(391 




Quinn (2001) 


20 • 3 




14 


[361 




Taylor (2001) 


24 ' 5 




18 


(401 




Shergy(2002) 


553 3 




14 


[301 




Total 


1546 










Table 2. Controlled studies in rheumatoid arthritis using infliximab - 


secondary areas of interest. 




Area of interest 


Citation 


n 


Dosage (mg/kg) 


Duration (vweeks) Ref. 




(ATTRACT: all subanalyses) 










Radiologic comparison 


Upsky AnRACT(1999) 


428 


3.10 


30 


[31] 




Van derHeijdeAnRACT (2001) 428 


3,10 


30 


[32] 




AntonlAnRACT(2001) 


428 


3.10 


30 


133] 




Maini ATTRACT (2001) 


428 


3.10 


30 


' [34] 




Wong ATTRACT (2002) 


428 


3.10 


30 


[351 


Pharmacokinetics 


MaIni (1998) 


101 


1.3,10 


26 


[181 




St Clair AHRACT (2001) 


428 


3.10 


30 


[37] 


Immunogenicity 


Lorenz (1996). Lorenz (2000) 


18 


1.10 


4 


[38,42] 




Paleolog (199Q 


73 


1.10 


4 


[23] 




Tak(1996) 


14 


10. 20 


4 


[24] 




Maini (1998) 


101 


1.3, 10 


26 


[18] 




Charles (2000) 


193 


1.3. 10 


14 


[39] 




Taylor (2001) 


24 


5 


18 


[40] 


Time to onset 


Emery ATTRACT (2001) 


428 


3.10 


30 


[41] 




Shergy(2002) 


553 


3 


14 


(30] 


Safety of multiple infusions Laenz (2000) 


18 


1.10 


4 


[42] 




Maini (1998) 


101 


1.3, 10 


26 


[18] 




Charles (2000) 


193 


1.3. 10 


14 


(39) 


Rate of infusion 


Isern (2001) 


553 


3 


14 


[43] 




Shergy (2002) 


553 


3 


14 


[30] 


Quality of life 


Kavanaugh ATTRACT (2001) 


428 


3,10 


30 


[44] 




Kavanaugh AHRACT (2002) 


428 


3,10 


30 


145] 


Steroid tapering 


Shergy ATTRACT (2002) 


553 


3 


14 


[30] 


ATTRACT: Anti-TNF Trial in Rheumatoid Arthritis with Corx:omitant Therapy. 
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Table 3. Uncontrolled studies in rheumatoid arthritis using infliximab - secondary areas of interest* 



Area of interest 


Citation 


n 


Ref. 


Pftuni irahip rpu flt<; in ii RA 

r aVUUI OUIC IC9UIL3 II lJUVCI III? iv\ 


KImura (2001) 


4 






Chaturvedi (2002) 


9 


1481 




Masatlioglu (2002) 


12 


[491 




Honaken (2002) 


26 


150] 


Successful tapering of concomitant therapies to evaluate 
infliximab monotherapy 


Schlmizzi (2001) 


156 


(511 


Efficacy and safety of infliximab and leflunonnide 


Kiely (2002) 


20 


[521 


Efficacy and benefits of infliximab and azathioprine 


Durez (2002) 


21 


153] 


Efficacy and safety of infliximab among patients with 


Shergy (2002) 


40 


154) 


Behavior of chemokines and the involvement of IL-8, 


Taylor (1999) 


10 


155] 


Behavior of chemokines and the involvement of IL-1a and 

II -1R 
IL* ip 


Ulfgren(2000) 


8 


1561 


Pnnfirmfltinn nf APR^O riaci i)t<i at ^0 ^tAC IC^ermPffVj) 

\^KJl HUM laLIUI 1 \Ji r\wr\^w t CdUltd OL \j\J dlLC3 yVJJta 1 1 lu' Ijf 


Antnni f2001^ 

iM wxji ii yc\f*J 1 / 


263 


157] 


Pnnfirmatinn nf APP^O riaci ih-c /PAlnii iml 

\^\Ji MUM laUUl 1 Ul rAVM»rV^\J l COUILd ^DClM'UI 1 1^ 


Durez (2002^ 


133 


[53] 


Confirmation of ACR20 results (Canada) 


Mak^mowych (2001) 


95 


[60] 


Confirmation of ACR20 results - registry 


Wolfe (2002) 


5028 


[61] 


Neutral eflfea on pregnancy 


Antoni (2001) 


59 


[58] 


Favourable response to monotherapy using HAQ 
evaluations 


Erkan(2001) 


27 


[59] 


Comparison of etanercept with respect to efficacy and 
safety in patients with moderate-to severe RA 


Ridley (2002) 


157 


166] 


Early RA 


Quinn(2002) 


20 


[63.641 




Tayla(2002) 


24 


[65] 


Unemployment 


Van Vollenhoven (2002) 


296 


[62] 



ACR: American College of Rheumatology response criteria; ATTRACT: Antl-TNF Trial in Rheumatoid Arthritis with Concomitant Therafy: 

HAQ: Health assessment questionnaire: MCP: Monocyte chemoattractant protein; RA: Rheumatoid arthritis. 

* Includes case studies, prospective studies, retrospective studies, episodic treatments, cohorts, varying dosages and durations. 



Table 4. Controlled studies in Crohn's disease using infliximab - 


primary endpoint efficacy. 




Q tail on 


n 


Dosage (mg/kg) 


Duration (weeks) 


Ref. 


Van Dullemen (1995) 


10 


5.10 


8 


[57] 


McCabe (1996) 


20 


1.5, 10,20 


12 


[58] 


Targan (1997) 


108 


5.10,20 


12 


(691 


Present (1999) 


94 


5, 10 


6 


[70] 


Hanauer (2002) 


573 


5. 10 


54 


[711 


Sands (2002) 


306 


5 


54 


[72] 



Expert Opin. Biol. Ther. ^003) 3(1) 



163 



Infliximab 



Table 5. Controlled studies in Crohn's disease using infliximab - secondary areas of interest 



Area of interest 


Citation 


n 


Dosage (mg/kg) 


Duration (\Aeeks) 


Ref. 


Ability to sustain remission 


Rutgeerts (1999) 


73 


10 


32 


(73] 


Affea on endoscx)pic heating 


D'Haens (1999) 


30 


5. 10, 20 


4 


174] 


AffciTt nn Hn\A/nroni il^f inn of 


R;)prt (1999^ 


13 


5, 10. 20 


4 


175) 


oleocolitis 












dUucessTui ribiUio ciusiny 


ricacl IL ^ 1 999^ 


94 


5, 10 


6 


PO) 


ACCEmi 












Mucosal healing in refraaory CD 


Rutgeerts (2002) 


573 


5, 10 


54 


176] 


Preference fa scheduled over 


Rutgeerts (2002) 


573 


5, 10 


54 


P7] 


episodic treatments 












Mucosal healing 


Kutgeens {^uuc} 




D, lU 


0*» 


f7fil 


Preference for induction regimen 


Fasanmade (2002) 






CA 

04 


I'oJ 


ower sinolp dose 












Keoucuon or oisconiinuaiion or 


ucmensiein [cuu^} 




£; in 






concomitant steroids 












Imorovpmpnt in OOL* natlents 


1 Ichtpnstein f2n02^ 


573 


5. 10 


54 


[80] 


returning to wak 














Lichtenstein (2002) 


573 


5.10 


54 


1831 




Feaoan (2002) 


573 


5, 10 


54 


(81| 




heagan (^uu^) 


o/o 


0, lU 


04 


|o^| 


No inaease in intestinal strictures 


Lichtenstein (2002) 


573 


5,10 


54 


1103] 


Positive economic impact to 


Colombel (2002) 


573 


5, 10 


54 


[85] 


healthcare system 














Kutgeerts (^uu^j 


CTi 
O/O 


c ir\ 

0, lU 


CA 




Determination of serum marl<ers 


Esters (2002) 


573 


5, 10 


54 


[151 


ai> Mai ij wd> 1 Ul ly Ul Uiocdjc 














oeDoes [csjUdj 


0/i 


0, lU 




loo] 


Determination of CRP changes as 


Sands (2002) 


573 


5,10 


54 


189] 


early warning of disease 












Sustained remission lowers 


Lichtenstein (2002) 


573 


5,10 


54 


(86] 


hospitalisation and surgery 












ACCEmil 












Reduceb hospitalisations 


Lichtenstein (2002) 


282 


. 5 


54 


(871 


Improved disability and 


Feagan (2002) 


306 


5 


54 


(84) 


unemploynnent 













ACCENT: A Crohn ^ Disease Clinical Trial Evaluating Innixlmab in a New Long-Term Treatment Regimen: CD: Crohn^ disease; CRP: Oreactive protein; 
QOL: Quality of Hfe. 
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Table 6. Uncontrolled studies in Crohn's disease using infliximab - secondary areas of interest,* 



Area of interest 


Citation 


n 


Ref. 


Corroboration of results of clinical trials 


Cohen (US) (2000) 


129 


[90] 




Arnott(UK) (2001) 


50 


1911 




Asakura (Japan) (2001) 


25 


[92] 




Fan^ell (US) (2000) 


100 


(95) 




Mortimore (Australia) (2001) 


57 


[96] 




Hommes (The Netherlands) (2002) 


73 


(97) 




Kennedy (UK) (2002) 


19 


(98] 




Sample (Canada) (2002) 


109 


1991 




Glazier (US) (2002) 


83 


1100} 


Efficacy of thaiidiomide for maintenance after Infliximab induction 


Sabate (2002) 


15 


193) 


Increased apoptosis of inflammatory cells causing lamina propia 


Ten Hove (2002) 


10 


(94) 


Remission of Ileoanal pouch 


Ricart: (2001) 


7 


1101) 


Healing of lesions in perineal cutaneous CD 


Geyer(2000) 


1 


[1021 


Granuloma annulare 


Fleisher(2002) 


1 


1107] 


CD patients with HIV 


Tessnow (2002) 


3 


(1081 . 


Reduction of strictures 


Weinberg (2002) 


127 


[104] 


Refractory pouchitis 


Lodhavia (2002) 


1 


[105] 


Extraintestinal manifestations 


Parsi (2002) 


81 


(1061 


Deaease in healthcare resources 


Rubenstein (2002) 


79 


[119] 



CD; Crohn's disease. 

''Indudescase studies, prospective studies, retrospective studies, episodic treatments, cohorts, varying dosages and durations. 



Table 7. Uncontrolled studies In Crohn's disease using Infliximab - children.* 



Area of Interest 


Citation 


n 


Ref. 


Pharniacokinetics in children 


Hadigan(1999) 


21 


(109] 




Fasanmade (2002) 


62 


1110) 


Steroid tapering in children 


Vanderhoof(2002) 


1 


nil] 


General improvenr^nt and remission in children 


Vasiliasuskas(1999) 


17 


[112] 




Hyams(2000) 


19 


1113] 




Escher(2002) 


1 


1114) 




Mamula (2002) 


9 


ni5) 


Episodic treatments in children 


Kugathasan (2002) 


86 


(1161 


in-office infusions in children 


Cohen (2002) 


43 


[117] 


QOL in children 


Serrano (2001) 


18 


[118] 



QOL: Quality of life. 

'Includes case studies, prospective studies, retrospective studies, episodic treatments, cohorts, varying dosages and durations. 
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Table 8. Controlled and uncontrolled studies in ankylosing spondytitis using infliximab. 


Citation 


n 


Dosage VtiQ' 1^9) 




Controlled studies 








Braun (2002) 


70 


5 


1137.139) 


Van den Bosch (2002) 


40 


5 


11381 


Uncontrolled studies 








Brandt (2000) 


11 


5 


. 1135] 


Van den Bosch (2000) 


21 


5 


1136) 


Baeten (2001) 


21 


5 


(143) 


Boeger (2001) 


1 


5 


1150] 


Breban (2001) 


50 


5 


(144) 


Kaiser (2001) \ ' 


2 ^ 


3 


1151) 


Stone (2001) 


21 


5 


1145] 


D'Agostino (2002) 


2 


3 


[1521 


Hadi (2002) 


1 


5 


1153} 


Kruithof(2002) 


21 


5 


11461 


Maksymowic (2002) 


21 


3 


(1471 


Sidiropoulos (2002) 


16 


4 


11481 


Boki (2002) 


15 


3 


11491 
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Table 9. Controlled and uncontrolled studies in psoriasis and psoriatic arthritis using infliximab. 

Gtation indication n Dosage (mg/lcg)* Ref. 
Controlled studies 

Chaudhari (2001) Ps 33 5,10 im 

Antoni{2002) Ps 102 5 im 
Uncontrolled studies 
Prospective 

OgiMe (2001) Ps 6 5 W^) 

Schopf(2002) PsA.Ps 8 5 H??] 

Cherouvim (2002) PsA 12 3 li78i 

Feletar (2002) PsA, Ps 16 5 1179] 
Retrospective 

Bolce-Stevens (2001) PsA 7 Average 3.5 im 

Stevens (2002) PsA. Ps 29 3-7 |i8il 

Fleischmann (2001) PsA,Ps 31 Average 3.6 li82i 

Drosou(2002) PS 6 5 1183) 
Case studies 

Kirby(2001) Ps 1 5 1184) 

Ruzicka (2001) Ps 1 3 pes) 

Tan (2001) PS 1 5 \m 

Bray (2001) PsA 3 3 liesi 

Mang(2002) Ps,PsA 1 3 [i89] 

Menter(2002) Ps 1 200 mg [190) 

O'Quinn (2002) Ps, PsA 2 5/10 \m 

Ps: PsOTiasis; PsA: Psoriatic arthritis. 
* Unless otherwise specified. 
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Table 10. Studies in other indications using infliximab. 



Area of interest 


n 


Citation 


Ref. 


Amyloid A amyWdosis 


12 


Gottenberg (2002) 


[2181 




6 


Ortiz-Santamarnia (2002) 


[219] 


Biliary cirrhosis 


1 


Fleichtner (2001) 


1220] 


Celiac disease 


1 


Gillett(2002) 


[2211 


Erythema nodosum 


1 


Flske(2002) 


[222] 


Giant cell arteritis 


4 


Cantini (2001) 


[223] 




1 


Alr6 (2002) 


[224] 


Graft-versus-host disease 


1 


Boh (2002) 


[225] 




4 


Rivkina (2002) 


[226] 


Hidradenitis supporativa 


5 


Sullivan (2002) 


1227] 


Kawasaki's disease 


1 


Weiss (2002) 


[228] 


Mixed connective tissue/lupus 


f» 


Scott (2002) 


[229] 


Panniculitis 


1 


Humeniuk (2002) 


[230] 


Polyarthritis 


.3 


Wouter5(2002) 


[2321 




19 


Nossent(2001J 


[231] 


Polychondritis 


1 


Ehresmann (2002) 


[233] 


Refractory mononeuritis 


1 


Garcia-Pomja (2002) 


[234] 


Reiter's syndrome 


1 


Gayiis (2002) 


[235] 


Sacroililtls 


5 


Kellner (2002) • 


[236] 


Sarcoidosis 


3 


Baughman (2001) 


[2371 




1 


Yee(2001) 


(238) 




6 


Fahey(2002) 


[239] 




3 


Sweiss (2002) 


[240] 


Sjogren's syndrome 


16 


Steinfeld (2001) 


[241] 


Still's disease 


6 


Kraetsch (2001) 


[242] 




2 


Hufstutter(2002) 


[243] 


Wegener's granulomatosis 


6 


Lamprecht (2002) 


[244] 


Early onset sarcoid arthritis 


3 


Brescia (2002) 


[245] 


Vascular endothelial dysfunction 


10 


Forster (2002) 


[246] 


Recalcitrant subcaneal pustular dermatosis 1 


Voigtiander (2001) 


[247] 
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